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ABSTRACT

This report deals with the development of diag-

nostic software for a real-time spectral analysis system.

The report gives a description of the spectral analysis

system and its associated maintainability and reliability

problems. The diagnostic system is comprised of a read-

only memory board containing a small operating system and

diagnostic tests. Detailed descriptions and listings of

the tests and operating system are provided.
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Section 1

Introduction-History

Over the past few years the researchers here at

Rensselear have been designing and constructing a Real-Time

Spectral Analysis System. This system was designed to be

used by oceanographers in their studies of the tides and

tidal erosion. The primary purpose of the system is to

measure the very low frequency power spectra of the ocean

waves. The power spectral density is obtained by taking the

time varying input signals from the oceanographer's sensors

and transforming it from the time domain to the frequency

domain using a Fast Fourier Transform. The resulting

spectral information is presented on a color graphics

display.

In the summer of 1978 the newly completed system

was taken to a beach in Florida for a field test. The test

proved partially unsuccessful. The basic system ideas and

functions were correct, but the system proved difficult to

test and keep operational. Reliability and maintainability

became the system's downfall.

In the haste to complete the system for the summer

tests very little was done to facilitate testing of fault

diagnosis of the system or individual components. The author

accepted the task of remedying the situation by developing

some diagnostic programs and methods which will aid in test

and diagnosis of the Real-Time Spectral Analysis System.
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This report presents the author's efforts and the

diagnostic programs developed to solve the given problem.

Since no tests or test procedures existed, the

entire diagnostic system was the author's responsibility.
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Section 2

System Description

2.1 General Description-Data flow

The real-time spectral analysis system is composed

of 4 major subsystems as presented in figure 2.1.

Analog data from up to four sensors is input to the

data acquistion subsystem where it is amplified, filtered

and digitized. Next, the digitized input data is transfered

to the high speed array processor where a Discr- e Fourier

Transform is performed on the data string converting it

from the time domain to the frequency domain.

The frequency domain spectral data is transfered

to the color graphics display where it is displayed in

a time verses frequency format with color encoding repre-

senting amplitude

Detailed descriptions of each subsystem and its

functions follow.

2.2 IMSAI Microcomputer and Front Panel

The IMSAI Microcomputer containing an Intel 8080

CPU is the heart of the system. The IMSAI thru the Unibus

adapter controls many of the systems and options. The 8080

operates the user front panel, receiving and displaying the

many parameters and options, and passes them out to the

required subsystem. The microcomputer also functions as a

host for the Floating Point Array Processor, which has the

3



task of loading the signal processing programs into the

array processor.

In its present configuration, the IMSAI system

contains 24K bytes of semiconductor random access memory,

an 8" floppy disk drive and interface, a serial input/out-

put port for console communication, and two parallel input/

output boards used in the Unibus adapter. The IMSAI also

hosts a small numerical processor. With this project, an

additional 16K byte read-only memory board was added to

the IMSAI to contain the diagnostic tests. The 8080 also

contains an adapter board which enables it to simulate a

DEC PDP-11 computer and perform data transfers over the Unibus.

2.3 Floating Point AP-1208 Array Processor

The Floating Point Array Processor performs the ac-

tual signal processing. The digitized input data is trans-

fered to the array processor where it is first multiplied

by a user selected window. The windowing helps minimize any

distortion caused by the time limiting of the input data.

The data is then transformed into the frequency domain using

a 1024 point Fast Fourier Transform (FFT). After the Fast

Fourier Transform (FFT) the spectral data may be filtered or

further processed before being presented to the color gra-

phics display.

The AP-120B is a very fast and versitale floating

point array processor with a basic cycle time of 167 nano-

seconds. The AP-120B has a pipeline structure with a 38-bit

4



floating point format. The instruction words are 64 bits

long so many functions can be performed in one machine

cycle. This type of speed and instructions format is

ideal for the reiterative additions and multiplication

often used in digital signal processing. For example, a

512 point FFT can be performed in 3.2 MSEC.

The array processor is a slave computer and

requires a host to operate it. In this system the IMSAI

8080 functions as the Host. The AP has no front panel and

all access to the AP is thru a Unibus interface.

2.4 Data Acquisition

The present system has four analog input channels.

The amplified analog inputs are filtered by a programmable

anti-aliasing filter to band limit the input high frequency

components. The input signal high frequencies must be limi-

ted to prevent aliasing. The filter cutoff frequency is

set by the IMSAI 8080 depending on the sampling frequency

selected on the user front panel, The analog signal is then

sampled by an A/D converter which converts the continous in-

put data to sampled digital data. The system is capable of

sampling frequencies of from .001 HZ to 15 KHZ. The input

circuitry contains a programmable real-time clock used to

control the sampling rate. This clock is set by the IMSAI

in response to the front panel selected frequency. The

digitized data is transfered directly to the array processor

data memory via an AP input/output port interface.

5



2.5 Color Graphics Display

The color graphics display system was built espe-

cially for this system. The graphics display portion con-

sists nf a 512 x 512 point screen format which is stored in

a large Intel refresh memory.

The frequency spectrum of each input block of 1024

input samples is displayed on one horizontal line with fre-

quency increasing from left to right. A time history of the

spectrum is shown in the vertical direction as each new

line is added. As each FFT computation is completed in

the array processor its spectrum is output into one hori-

zontal line on the display. The new line is added to the

bottom of the screen and the older lines are scrolled up

presenting the history of the spectrum. Each point of the

line is color amplitude encoded with one of 128 possible colors.

Two lines of characters for anotation purposes are

provided at the top of the screen. Under the two lines of

anotation are two color bars used in the color amplitude

encoding. The top most bar is called the menu and it pre-

sents all 128 possible colors. The lower bar is the color

map which contains 64 locations into which a color can

be loaded. Each map position represents an increment of

magnitude of the frequency spectrum. The color placed in

each map location representing a certain level of magnitude

is selected on the user front panel. The entire map may be

stored on the floppy disk for quick reloading.
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Section 3

Technical Discussion

3.1 Task

The purpose of this project is to identify po-

tential system malfunctions and to design software and

hardware aids which will help in isolating system faults.

History has helped in locating many problem areas. The

spectral analysis system has a number of weak hardware

links which are prone to failure. These areas received

attention first.

3.2 Design Details

The floppy disk system has been a consistent

problem area. The disk drive is a very delicate device

which was never mount or placed in a case, leaving it

exposed to contamination and physical abuse.

In the original system the disk was the key-

stone of the spectrum analysis system. All memory was

volatile and once powered-down left the system void of

intelligence. The only mass storage device from which

to load any programs or diagnostics was the disk drive,

making a disk failure catastrophic. A programmable read-

only memory containing a small operating systems and diag-

nostics, was added to the IMSAI 8080 computer. This en-

ables the computer system to always have a small oper-

ating system available, even in the event of a disk failure.

8



The floppy disk is probaby one of the most

difficult parts of the system to troubleshoot. The

dik controller requires many driver routines to read

or write to the disk drive. A large disk diagnostic

was written and stored on the diagnostic memory board to

aid in troubleshooting and testing the disk system. Two

smaller programs were also written to aid in disk drive

alignment and testing.

The IMSAI 8080 computer is another area where

a possible failure leads to complete system failure.

The IMSAI uses an Intel 8080 microprocessor as CPU. Be-

cause of the one chip simplicity and cheap replacement,

diagnostics on the actual CPU instuctions did not seem

prudent. Diagnostics to test the computer memory were

written however. The computer system presently has 24K

of MOS RAM memory. The MOS memory is very sensitive to

static charges and power supply voltage variations. A

comprehensive memory test using an advanced test algorithm

by Knaizut and Hartmann [2] was implemented. A simpler

mini-memory test has the advantage of not requiring a

console device or scratch pad memory. These tests are all

resident on the diagnostic memory board.

The majority of the devices in the spectral anal-

ysis system are handwired prototype devices connected to

the Pseudo-Unibus. The IISAI microcomputer has control of

the Unibus via a Unibus to S-100 bus adapter. The adapter

9



board uses 6 I/O ports in the IMSAI 8080. Since problems

with shorted Unibus lines have been common in the past,

a diagnostic was written specifically to test the I/O

ports and Unibus Lines.

In order to communicate with the many devices on

the Unibus, a Unibus communication test was written. This

is probably the most useful of all tests written; the

user need only input tle device address and a transfer

command. A data word can be transfered to or from any

device on the Unibus. Timers are also included in the pro-

gram to test for device 'no answers', a common problem with

Unibus devices.

The last major component ol the system is the

Floating-Point array processor. At present, a complete

diagnostic package for the AP exists. This package was

delivered with the AP and runs on the DEC PDP-11. The

spectral analysis system also has a small AP debug pro-

gram as part of the real-time program. No further diagnos-

tics were written for the AP. The Unibus communication

test can be used to read and write to the array processor

front panel.

3.3 Test Procedures

Since the heart of the system is the IMSAI 8080

computer, no part of the system will function without it,

making it the first area to be treated.

10



The following is a recommended test sequence;

1. Mini-Memory test 0 to 100 hex version-- this tests

the scratch pad memory used by other tests and the diagnos-

tic operating system. This test needs no console. (sec.5)

2. Mini-Memory Test 24K version - this provides a quick

test of all memory. Don't forget to check the power sup-

plies if you have problems. (sec.5).

3. Diagnostic Operating System - try some simple command

for overall CPU operation. This also tests the console for

overall CPU operation. This also tests the console I/O

operation. (sec.4)

4. Comprehensive Memory Test - this provides a good test

on the memory and should catch most problems. (sec.6)

5. CPM disk operating system - boot the disk system and

see what happens. This provides a good indication of

overall disk operation. Most disk problems show up here.

6. Formatted disk test - this test tests the normal

formatted operation of the disk. This test can take a

long time to check all 77 tracks and a bad diskette media

can cause a failure; use a good blank disk.

7. Unibus Port Test - This checks for shorted unibus lines

and broken wires. If this fails look for an incorrectly

inserted card in the lower card cage. (sec.10)

8. Unibus Communication Test - try to communicate with

the various unibus devices. (sec.ll)

9. Real-time Spectral Analysis program - the ultimate test.

11



Section 4

Diagnostic Operating System

4.1 General Description

In order to enable the computer system to have

some capabilities and intelligence during a major system

failure, a small self-contained operating system is inclu-

ded on the diagnostic memory board. This operating system

can be used to run the diagnostic program as well as per-

form a number of standalone function such as memory and

register examine.

4.2 Detailed Description

The diagnostic operating system is a modified

and expanded version of the SSM 8080 Monitor V-1 supplied

with the Prom Memory board. The operating system supplied

was modified to handle our I/0 requirements and the scratch

pad area used by the operating system was fixed to the

first 256 bytes of RAM memory. A diagnostic test direc-

tory and controller were added to ease diagnostic program

execution. A Help command was also added to remind the

casual user of the various commands and options available.

4.3 Program Usage

The starting address of the operating system

is FOO Hex and it can be started directly from the IMSAI

8080 front panel. The operating system is located in a

12



readonly memory on the diagnostic memory board and requires

only a minimum system of 256 byte of ram memory and a con-

sole device to function.

The operator communication with the monitor con-

sist of a single alphabetic character input on the console

device and may be followed by one or more parameters.

When two or more parameters are used they are separated by

a coma or a space. Parameters are hexadecimal values con-

sisting of four or two hexadecimal characters. Leading

zeros are assumed. The command line is terminated by

carriage return in most cases.

4.4 Commands

The following is a modified and expanded expla-

nation of the SSM monitor commands

D Command- (Display memory)

D'Low Address','High Address'

Memory from 'Low Address' through 'High Address'

is displayed on the console device. If 'High Address' is

equal to or smaller than 'Low Address', only the 'Low

Address' byte is displayed. Data bytes are displayed in

hexadecimal, 16 bytes per line. The beginning address of

each line is displayed.

S Command - (Subsitute memory)

S'Address'

13



The byte at location 'Address' is displayed on

the console device followed by a - character. The oper-

ator responds with one or more characters from the console.

If the input character is a space or comma, the contents

of the next location is displayed. If one or more hexa-

decimal digits are inputed before the space or comma, the

specified value will replace the displaced value in the

memory location. A carriage return terminates the command.

F Command (fill memory)

F'Low Address',High Address','Data'

Memory from 'Low Address' through 'High Address'

is filled with 'data'. If 'High Address' is equal to or

smaller than 'Low Address' on the 'Low Address' is changed.

M Command (move memory)

M'Low Address',High Address',Dest Address'

Data from 'Low Address' through 'High Address'

are moved to memory beginning at 'Dest Address'. If

'High Address' is equal to or smaller than 'Low Address'

only the byte at 'Low Address' is moved. If 'Dest Address'

is between 'Low Address' and 'High Address' the data from

'Low Address' to 'Dest Address' is repeated to fill the

destination field.

B Command (binary dump memory)

B'Low Address','High Address'

Data from 'Low Address' through 'High Address'

14



are output to the logical punch device in a binary for-

mat compatible with mits paper tape format. 'High Address'

must be equal to or greater than 'Low Address', with one

exception: If 'High Address' is zero, an end-of-file-

record is output specifying 'Low Address' as the entry

point address

L Command (load memory, binary)

L'Bias Address'

Data in binary format are read from the logi-

cal reader device and stored in memory at the load address

specified in the input file plus 'Bias Address'. When

an end-of-file record is encountered control is transferred

to the specified entry point, address of zero terminates

loading and the monitor remains in control.

W Command (write memory, Hexadecimal)

W'Low Address','High Address'

Data from 'Low Address' through 'High Address'

are output to the logical punch device in a hexadecimal

format compatible with Intel paper tape format. 'High

Address' must be equal to or greater than 'Low Address'

with one exceptions If 'High Address' is zero an end-of-

file record is output specifying 'Low Address' as the

entry point address.

R Command (read to memory, hexadecimal)

15



R'Bias Address'

Data in hexadecimal format are read from the

logical reader device and stored in memory at the load

address specified in the input file plus 'Bias Address'.

When an end-of-file record is encountered control is trans-

ferred to the specified entry point address if it is non-

zero. An entry point address of zero terminates loading

and the monitor remains in control.

N Command (null output)

N

Sixty null bytes (OOH) are output to the logical punch device.

K Command (copy files)

K

Bytes are continously read from the logical reader device

and output to the logical punch device. This process con-

tinues until manually interrupted, I.E., by resetting

the system.

G Command (goto)

G'Address','Breakpoint l','Breakpoint 2'

If 'Address' is specified, control is trans-

ferred to 'Address'. If 'Address' is not specified, con-

trol is transferred to the address of the last encountered

breakpoint, after program status (CPU registers and flags)

is restored.

16



If 'Breakpoint 1' or 'Breakpoint 2' is spe-

cified, breakpoints (RST 1) replace the bytes at corres-

ponding addresses. These addresses must contain the first

byte of an instruction. If breakpoints are specified, a

jump instruction is stored at location 0008H to return

control to the monitor when a breakpoint, or any RST 1

instruction is executed. At this point, the monitor will

save the program status and restore the bytes replaced by

any known breakpoints. The program counter in the saved

program status is decremented, so that program execution

may be resumed with the instruction formerly replaced

by the breakpoint. Monitor commands may then be used to

display/modify memory or CPU registers, etc.

When the monitor is entered normally, i.e.

by other than breakpoint execution, recording of existing

breakpoints is destroyed. Therefore, if breakpoints are

set, but not executed before the monitor is re-entered,

the contents of the bytes containing those breakpoints must

be manually restored.

RST 1 instructions other than known breakpoints

may be used as pseudo-breakpoints, subject to certain

restrictions. The jump instruction must be stored at loca-

tion 0008H by previously setting a normal breakpoint.

RST 1 instructions other than known breakpoints may be

executed through normal program execution (RST 1 stored as

part executing program) or instruction jam (interrupt).

17



When such a RST 1 instruction is encountered, the monitor

saves the program status and resets known breakpoints.

However, the program counter in the saved program status

is not decremented, so program execution may be resumed

at the next instruction.

X Command (register display/modify)

X'Register'

Register contents as of the last encountered

breakpoint are displayed. 'Register' may be specified as

A,B,C,D,E,F (flags), H,L,M (HandL combined), P (program

counter) or S (stack pointer). The registers are displayed,

in the above order, beginning with specified 'Register'.

After each register content is displayed, the operator

may change it by supplying the new value followed by a

space or comma. If no new value is entered the old value

is retained and the next register is displayed. The com-

mand is terminated by a carriage return, or display/mod-

ification of register S.

If 'Register' is not specified, all registers are

displayed without operator intervention.

C Command (hexadecimal arithmetic)

C'Operandl','Operand2'

The sum and difference of 'Operandl' and Operand2'

are displayed in hexadecimal on the console device.

18



A Command (assign I/O devices)

A'Logical'='Physical'

Physical device 'Physical' is assigned to logi-

cal device 'Logical'. 'Logical' may be any of the four

system logical devices, I.E., console, reader, punch, or

list. Only the first character of the device name is re-

quired. 'Physical' may be 0,1,2, or 3. This option is

not fully implemented due to the lack of I/O devices.

H Command (Help)

H

This program lists a summary of all of these commands.

T Command (Test Controller)

T

This command executes the test controller and

test directory. The test directory printout can be sup-

pessed by raising sense switch '0'. If the type-out is

not suppressed the program will list the tests available

and request the test to be run. If the type-out is suppre-

ssed, the test code can be input immediately following

the 'T'.
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A Assigns I/0 device (physical to logical)

B Dump memory in binary on punch device

C Hexadecimal arithmetic

D Display a block of memory

F Fill a block of memory with a constant

G Go to address and execute, optional break-pt.

H Help, this directory

K Copy from reader to punch

L Load a binary tape, optional bias

M Move a block of memory to another location

N Outputs 60 nulls to punch

R Loads a hex tape from reader

S Display and changes any memory location

T Test list and execution program

W Dumps memory in hex on punch

X Cpu register display and change

Table 4.1 COMMAND SUMMARY
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4.5 Externally Referenced Subroutines

Several externally reference subroutines are

available for program usage. These routines, their start-

ing address, and function are outlined below:

MONTRA 'FOOO'

Normal entry point to the monitor

CI 'FOO3'

Console input. One character is read from the

logical console device and returned in register A. All

registers other than A and F are preserved.

RI 'F006'

Reader input. One byte is read from the logical

reader device and returned in reg A. All registers other

than A and F are preserved. If no byte is available from

the reader, the carry flag is set upon return.

CO 'F009'

Console output. The byte in register C is out-

put to the logical console device. All registers other than

A and F are preserved.

P0 'FOOC'

Punch output. The byte in register C is output

to the logical punch device. All registers other than

A and F are preserved.
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LO 'FOOF'

List output. The byte in register C is output

to the logical list device. All registers other than A

and F are preserved.

CSTS 'F012'

Console status. The logical console input device

is checked for availability. Register A is set to zero

and the zero flag is set true if no input is available.

Register A is set non-zero and the zero flag set false if

a character is available. All registers other than A and F

are preserved.

IOCHX 'FO15'

The current setting of IOBYT (I/0 byte) is

returned in register A. IOBYT is the byte of ram used

to record the current logical device to physical device

assignments.

Bits 0,1 Record the physical device currently assigned

to the logical console device.

Bits 2,3 Record the physical device currently assigned
to the logical reader device.

Bits 4,5 Record the physical device currently assigned
to the logical punch device.

Bits 6,7 Record the physical device currently assigned
to the logical list device.
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IOSET 'F018'

The contents of register C are stored in ICBYT,

thus altering the logical to physical device assignments.

All registers are preserved.

STRNG 'FOlE'

The string of characters pointed to by registers

H and L is output to the logical console device. The charac-

ter string is terminated before a null character or after

a character with bit 7 set. Registers B,D,E are preserved.

REENT 'F021'

Alternate entry point to the monitor. The current

I/0 configuration is not altered when the monitor is entered

at this point.
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Section 5

Mini-Memory Test

5.1 General Description

The Mini-Memory test is a small memory diag-

nostic test. The test is completely self-contained and

requires no scratch pad memory or I/O devices. Since

the test has a fixed test address range three different

copies of the test are provided, each with a different

address range.

5.2 Program Details

The Mini-Memory test is a modified implementa-

tion of the memory test supplied with the IMSAI 8080 com-

puter system. To proide flexibility three different versions

of the test are provided with a (0 to 256), (0 to 8K), (0 to24K)

address ranges. All versions are stored in programmable

memory on the diagnostic memory board.

The memory test consists of three phases. Phase

one consists of an incremented bit pattern, where each

address is tested with the 256 different patterns. In phase

two and three the lower and upper bytes respectively of the

address are stored in that location. Phase two and three

are designed to help locate addressing problems.
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5.3 Cperation

The 0 to 100 hex version of this test was de-

signed to test the scratch pad area used by the dia-

nostic operating system and the comprehensive memory test.

This test should be run before these programs to verify this

area of memory. Although this test can be run by the oper-

ating system test controller, it should normally be start-

ed directly from the IMSAI 8080 front panel at a starting

address of 'C290' hex.

The Mini-Memory tests require no console device

so all communication with the test is through the IMSAI 8080

sense lites (address lites 8-15) and the sense switches

(address switches 8-15). Once the test is started, the

status of the test as it proceeds through the various

phases is displayed in the sense lites (see table 5.1).

If an error is encounted, an error message is also read out

in the sense lites. The following is the procedure used

to locate the faulty memory location:

1. Change any sense switch

2. Sense lites will display 8 high-order address bits at

at the failing location.

3. Change any sense switch.

4. Sense lites will display 8 low-order address bits at
the failing location

5. Change any sense switch.

6. Sense lites will display data test pattern.
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7. Change any sense switch.

8. Sense lites will display the actual data at the failing
location.

9. Change any sense switch.

10. The test will start over at the beginning of phase one.

The 0 to 8K version of the Mini-Memory begins at

'D600' hex and the 0 to 24K version begins at 'D700' hex.
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Sense Lite Display Meaning

Hex

01 Phase I Running-no errors yet

02 Phase 2 Running-no errors yet

03 Phase 3 Running-no errors yet

F1 Error Phase 1

F2 Error Phase 2

F3 Error Phase 3

FF Test complete-no errors, move
any sense switch to restart

Table 5.1

Phase messages
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MINI-MEMORY TEST
;PROM VERSION FOR 0 TO 100"

BRIAN J. DONLAN

ORG 0C290H
ENTER: DI

MVI A,OFEH
OUT OFFH ;OUTPUT PHASE I LITES
LXI H,OOOH ;START ADDRESS

LP2: XRA A ;ZERO ACCLP1: NOV M,A ;STORE TEST PATTERN IN MEN.
NOV B,M ;READ BACK TO BCMP s ;COMPARE FOR OK
JNZ ERRI ;JUMP IF ERROR
INR A ;NEW TEST PATTERN
JNZ LP1
INX H
LXI D,OFFOOH ;STOP ADDRESS
XCHG
DAD D ;ADD TWO'S COMPLIMENT
XCHG
JNC LP2

PHASE II
MNV A,OFDH ;PHASE It LITES
OUT OFFH
LXI H,OOOH

LP3: MOV M,H ;LOW ADDRESS TO MEN
INX H
LXI D,OFFOOH ;STOP ADDRESS
XCHG
DAD D
XCHG
iNC LP3
READ MEMORY
LXI H,OOOH

LP4: NOV A,M ;READ MEMORY
SUB H ;COMPAE
JNZ ERR2 ;JUMP IF ERROR
INX H
LXI D,OFFOOH
XCHG
DAD D
XCHG
JNC LP4

PHASE III

MVi A,OFCH
OUT OFFH ;PHASE THREE LITES
LXI H,OOOH

LPS: MOV M,L ;STORE HIGH ADDRESS IN ALL MEN
INX H
LXI D,OFFOOH
XCHG
DAD D
XCHG
JNC LP5

;READ MEN
LXI H,OOOH

LP6: MOv A,M ;READ MEMORY
SUB L ;COMPARE
JNZ ERR3
INX H
LXI DOFFOOH
XCHG
DAD D
XCHG
JNC LP6
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ALL PHASE COMPLETE
!VI AOFFH
LXI H,ENTER
JmP LITES ;GO TO LITES PROG

;PHASE I ERROR
ERRI: XCHG

MOV C,A ;SAVE BAD DATALXI HCOMERR ;RETURNMVI A,OFIH ;PHASE I ERROR LIESimP LIRES

;COMMON ERROR OUTPUT ROUTINECOMERR: MOV AD ;HIGH ADDRESS
LXI H,LOADD ;RETURN
JmP LITESLOADD: MOV A,E ;LOW ADDRES ro LITESLXI H,TPAT ;RETURN
JmP LITES

TPAT: NOV A,C ;TEST PATTERN TO LITESLXI H,ACTDAT ;RETURN
JmP LITESACTDAT: MOV A,B ;ACTUAL DATA TO LITESLXI H,ENTER ;START OVER
JmP LITES

; PHASE II ERROR
ERR2: XCHG ;SAVE BAD ADDRESS

ADD 
D

NOV B,A
MOV CD
mVI A,OF2H ;PHASE II ERROR TO LITESLXI H,CONERR ;RETURN
JmP LITEs

; PHASE III ERROR
ERR3: XCHG ;SAVE BAD ADDRESS

ADD E
MOV B,A
MOV C,E
MVI A,0F3H ;PHASE II ERRO TO LITESLXI HCOMERR ;RETURN
JMP LITES

;LITES ROUTINE ENTER WITH RETURN IN REG H&L
; CDATA FOR LITES IN ALITES: CMA

OUT OFFH ;OUTPUT LITESSPHL ;SAVE RETURN IN SPIN OFFH ;READ SENSE SWITCHESMOV H,A ;SAVE IN HLP7: IN OFFH ;READ SWITCHESXRA H ;SEE IF THEY CHANGED
JZ LP?
LXI H,OFC18H ;DELAY LOOPLPS: INX H
XRA A
ORA H
JNZ LP8
LXI H,O ;ZERO HDAD SP ;MOVE RETURN BACK TO H & LPCHL ;RETURN
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;8K MINI MEMORY TEST

BRIAN DONLAN
PROM VERSION

ORG OD600H
ENTER: DI

MVI A,OFEH
OUT OFFH ;OUTPUT PHASE I LITES
LXI H,DOOH ;START ADDRESSLP2: XRA A ZERO ACC

LPI. MOV M,A ;STORE TEST PATTERN IN MEM.MOV Bm ;READ BACK TO B
C$P B ;COMPARE FOR OKJNZ ERRI ;JUMP IF ERRORINR A ;NEW TEST PATTERN
JNZ LPI
INX H
LXI D,OEOOOH ;STOP ADCRESSXCHG
DAD v ;ADD TWO'S COMPLIMENT
XCHG
JNC LP2

PHASE II
MVI A,OFDH ;PHASE II LITES
our OFFH
LXI H,OOOH

LP3: MOV M,H ;LOW ADDRESS TO MEM
INX H
LXI DOEOOOH ;STOP ADDRESS
XCHG
DAD D
XCHG
JNC LP3
READ MEMORY
LXI H,ODOH

LP4: mOV A,M ;READ MEMORY
SNB H ;COMPARE
JNZ ERR2 ;JUMP IF ERRORINX )i
LXI D,OEOOOH
XCHG
DAD D
XCHG
JNC LP4

PHASE III

NVI A, DFCH
OUT OFFH ;PHASE THREE LITES
LXI H,OOOHLP5: MOV M,L ;STORE HIGH ADDRESS IN ALL MEM
INX H
LXI D,OEOOOH
XCHG
DAD D
XCHG
JNC LP5

;READ MEm
LXI H,OOOHLP6: MOV A,M ;READ MEMORY
SUB L ;COMPARE
JNZ ERR3
INX H
LXI D,OEOOOH
XCHG
DAD D
XCHG
JUC LP6

30



ALL PHASE COMPLETE
MVI A,OFFH
LXI H,ENTER
JmP LITES ;GO TO LITES PROG

;PHASE I ERROR
ERRI: XCHG

MOV C,A ;SAVE BAD DATA
LXI H,COMERR ;RETURNMVI A,OF1H ;PHASE I ERROR LITESJMP LITES

;COMMON ERROR OUTPUT ROUTINE
COMERR: MOV A,D ;HIGH ADDRESS

LXI H,LOADD ;RETURN
JP LITES

LOADD: MOV A,E ;LOW ADDRES TO LITES
LXI H,TPAT ;RETURN
JmP LITESTPAT: MOV A,C ;TEST PATTERN TO LITES
LXI H,ACTDAT ;RETURN
JP LITESACTDAT: NOV A,B ;ACTUAL DATA TO LITES
LXI H,ENTER ;START OVER
JMP LITES

PHASE II ERROR
ERR2: XCHG ;SAVE BAD ADDRESS

ADD D
MOV B,A
NOV C,DMVI A,OF2H ;PHASE II ERROR TO LITESLXI H,CONERR ;RETURN
JmP LITES

PHASE III ERRORERR3: XCHG ;SAVE BAD ADDRESS
ADD E
mOV B,A
MOV C,E
NVI A,OF3H ;PHASE II ERRO TO LITESLXI H,COMERR ;RETURN
imp LITES

;LITES ROUTINE ENTER WITH RETURN IN REG H&L

S CDATA FOR LITES IN ALITES: CMA
OUT OFFH ;OUTPUT LITES
SPHL ;SAVE RETURN IN SPIN OFFH ;READ SENSE SWITCHESMOV H,A ;SAVE IN HLP7: IN OFFH ;READ SWITCHES
XRA H ;SEE IF THEY CHANGEDJZ LP7
LXI H,OFC18H ;DELAY LOOPLP8: INX H
XRA A
ORA H
JNZ LP8
LXI H,O ;ZERO HDAD SP ;MOVE RETURN BACK TO H & LPCHL ;RETURN
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24k MINt-IFMORY rEsr
PROM VERSION

BRIAN DONLAN
ORG OD700H

ENTER2: DI
MVI A,OFEH
OUT OFFH ;OUTPUT PHASE I LITES
LXI H,OOOH ;START ADDRESS

LP22: XRA A ;ZERO ACCLP121 MOV MA ;STORE TEST PATTERN IN HEM.mOV B,m ;READ BACK TO B
CMP B ;COMPARE FOR OKJNZ ERR12 ;JUMP IF ERROR
INR A ;NEW TEST PATTERN
JNZ LP12
INX H
LXI D,OAOOOH ;STOP ADDRESS
XCHG
DAD D ;ADD TWO'S COMPLIMENT
XCHG
JNC LP22

PHASE II
MVI A,OFDH ;PHASE II LITES
OUT OFFH
LXI H,OOOH

LP32: MOV MH ;LOW ADDRESS TO EM
INX H
LXI D,OAOOOH ;STOP ADDRESS
XCHG
DAD D
XCHG
JNC LP32
READ MEMORY
LXI H,OOOHLP42: MOV A,M ;READ MEMORY
SUB H ;COMPARE
JNZ ERR22 ;JUMP IF ERROR
INX H
LXI D,OAOOOH
XCHG
DAD D
XCHG
JNC LP42

PHASE III

MVI A,OFCH
OUT OFFH ;PHASE THREE LITES
LXI HOOOHLP52: NOV M,L ;STORE HIGH ADDRESS IN ALL MEM
INX H
LXI D,OAOOOH
XCHG
DAD D
XCHG
JNC LP52

;READ MEM
LXI HOOOH

LP62: NOV A,M ;READ MEMORY
SUB L ;COMPARE
JNZ ERR32INI H

LXI D.OAOOOH
XCH1G
DAD D
XCHG
JNC LP62
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ALL PHASE COMPLETE
MVI A,OFFH
LXI H,ENTER2
JmP LITES2 ;GO ro LITES PROG

;PHASE I ERROR
ERR12: XCHG

MOV C,A ;SAVE BAD DATALXI H,COMER2 ;RETURNMVI A,OF1H ;PHASE I ERROR LITES
JmP LITES2

;COMMON ERROR OUTPUT ROUTINECOMER2: MOV A,D ;HIGH ADDRESS
LXI H,LOADD2 ;RETURNJMP LITES2

LOADD2: MOV A,E ;LOW ADDRES TO LITESLXI H,TPAT2 ;RETURN
JMP LITES2

TPAT2: MOV A,C ;TEST PATTERN TO LITESLXI HACTDA2
JmP LITES2

ACTDA2: MOV A,B ;ACTUAL DATA TO LITESLXI H,ENTER2 
;START DVERJmP LITES2

PHASE II ERROR
ERR22: XCHG ;SAVE BAD ADDRESS

ADD 
D

MOV B,A
MOV C,D
MVI A,OF2H ;PHASE II ERROR TO LITESLXI H,COMER2 ;RETURN
JMP LITES2

PHASE III ERROR
ERR32: XCHG ;SAVE BAD ADDRESS

ADD E
MOV B,A
MOV C,E
MVIl A,OF3H ;PHASE II ERRO TO LITESLXI H,COMER2 ;RETURN
JMP LITES2

;LITES ROUTINE ENTER WITH RETURN IN REG H&L
;S CDATA FOR LITES IN A

ILITES2: CMA
OUT OFFH ;OUTPUT LITESSPHL ;SAVE RETURN IN SPIN OFFH ;READ SENSE SWITCHES
MOV H,A ;SAVE IN HLP72: IN OFFH ;READ SWITCHES
XRA H ;SEE IF THEY CHANGED
JZ LP72
LXI H,OFCI8H ;DELAY LOOP

LP82: IN H
XRA A
ORA H
JNZ LP82
LXI HO ;ZERO HDAD SP ;MOVE RETURN BACK TO H A LPCHL ;RETURN
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Section 6

Comprehensive Memory Test

6.1 General Description

This memory test is a comprehensive memory

diagnostic. The program will test the read, write, data

hold and addressing capabilities of a block of memory

between any two given locations.

6.2 Program Details

The comprehensive memory test is based on an im-

plementation by Bock W. Lee [1] of the K and H memory test

algorithm. The K and H algorithm, named after its creators,

J. Knaizuk and C. Hartmann r2J uses modulo three addressing

to help addressing problems which might normally be hidden.

The program uses two test patterns which are

compliments of each other, the major and minor pattern.

First one and then the other pattern are written in every

third location and then read back as the program cycles

through all memory locations. After all memory locations

are tested using the major and minor patterns, a pass is

complete. The patterns are then rotated and another pass

through memory begins with the new test patterns.

6.3 Operation

The user is required to input the starting and

stopping addresses. The test will continue to cycle through

the test using the cyclic patterns until it is interrupted
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by typing any console character.

The test has error messages which indicate

the failing location and the test pattern which fails.

End of pass messages are also given after each complete

pass with one pair of test patterns.

The memory test is stored in programmable read-only

memory on the diagnostic memory board. The program can be

run under the diagnostic operating system test controller,

or it can be started from the IMSAI 8080 front panel at

a starting address of 'C00'.

The memory test is also stored on floppy disk

and can be invoked by the CPM operating system under

file name 'MEMTST.COM'

Note: The memory test requires the first 100
hex address for scratch pad so these
addresses should not be tested using this
test. The first 100 addresses should be
tested using the mini-memory test.
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; MEMORY TEST
DISC VERSION 24 MAY 79 B. DONLAN

ORG 1OOH

WO EQU 00 ;TEST BYTE

ENTRYI: LXI H,OFOH
SPHL

ENTRY: LXI H,ENrRY
PUSH H
MVI A,00 ;ZERO ACC
STA CODE
CALL CRLF
LXI H,MSG1
CALL PMSG
LXI H,MSG2
CALL PMSG
CALL BBIN
XCHG
SHLD START
LXI H,MSG3
CALL PMSG
CALL BBIN
XCHG
SHLD ENADR
LXI H,MSG8
CALL PMSG
IN CDATA ;RESET 10 FLAG

BEGIN: MVI C,WO ;LOAD TEST BYTE
MTEST: MVI A,02 ;LOAD TEST BYTE

STA PART
MTLOP: CALL STUFF ;STUFF MAJOR ALL OVER

MVI A,02 ;SET TWO AS MINOR
CALL STUFM ;STUFF MINOR
MVI A,02 ; SET 2 AGAIN
CALL CHECK ;NOW CHECK ALL LOC

PTCHK: LDA PART
DCR A
STA PART ;STORE NEW PART
CPI 00 ;FINISH THIS PASS ?
JZ RECYCLE ;YESCONT: MVI A,01 ;NO CONTINUE
CALL STUFM ;STUFF MINOR SERT
NOV A,C ;LOAD MAJOR BYTE
CMA ;COMPLIMENT MAJOR BYTE
NOv C,A ;SAVE NEW BYTE
XRA A ;ZERO OTHER TEST BYTE
CALL CHECK
iMp MTLOP

RECYCLE:
NOV A,C
STA PART ;SAVE INVERT TB TEMP
LXI H,MSG ;END OF PAS MESSAGE
CALL PMSG
LDA CODE ;CHAR CODE
ORA A ;SET FLAGS
JNZ ENTRY ;START OVMR
ANA A ;CLEAR CARRY
LDA PART ; RECOVER TEST BYTE
ORA A
Jz BEGIN
RAL
CMA

TB: NOV C,A ;NEW TEST BYTE
iMp MTEST ; ANOTHER PAS
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STADRT: 0 2 ;LOC FOR START ADDRAR: DS 2 ;LOC FOR END ADDRESSPART: DS I
CODE: DS I

STUFF: CALL STASTo ;LOAD START AND END ADDRDOT: NOV M,C ;STUFF MAJOR ALL OVERCALL HILOX ;SEE IF ALL MEM DONEJmP DOIT ;NO KEPP ON STUFFING

STUFM: CALL STASTO ;LOAD ADDR AGAINMOV B,A ;MINOR COUNTERCPI 00 ;MINOR WORD STUFFJNZ HIL ;NOMINOR: NOV A,C ;MAJOR TEST BYTECMA ;MINOR IS COMPLIMENT OF MAJORMOV M,A ;STJFF MINOR BYTE IN MENMVI B,03 ;START MINOR COUNT AT 3NIL: CALL HILOX ;INC & CHK IF DONEDCR B ;DEC MINOR COUNTERJNZ NIL ;OK TO STUFF NOJMP MINOR ;YES

CHECK: CALL STASTO ;LOAD START AND ENDMOV B,A ;LOAD MINOR COUNTCP1 00 ;COUNT ZEROJNZ MAJR ;NO GO TO MAJORMINR: MOV A,C ;LOAD TEST BYTE MAJORCMA ; MINOR IS COMPLIMENYTCMP N ;READ AND COMPARE MEM LOCMVI B,03 ;MINOR COUNT AT 3JMP CKEND ;CHECK FOR ERROR DR ABORTMAJR: NOV A,C ;LOAD MAJOR TEST BYTECMP M ;READ AND COMPARE MEM WITH MAJORCKEND: PUSH B ;SAVE COUNT AND MAJORCNZ ERR ;GO TO ERR TO PRNT IF ERRORPOP B ;RESTORE REGSIN CSTAT ;CHECK KEYBOARD
ANI 02H
JZ FIN
IN CDATA ;READ KEYS
STA CODE

FIN: CALL HILOX
DCR B ;DEC MINOR COUNT
JNZ MAJRJMP MINR ;COUNT ZERO DO MINOR

STASTO: LHLD ENADR ;LOAD END ADDRXCHG ;MOVE END TO CADLHLD START ;LOAD START
RET

ERR: PUSH D ;SAVE END ADDR
PUSH PSW
CALL CRLF
NOV D,N
NOV EL
CALL BINS ;OUTPUT BAD ADDRMV! D,08 ;SPACE COUNTCALL BLNK ;SPACE OVER 8POP PSW
NOv SA
CALL SITS ;PRINT TEST BYTE"VI DOAH
CALL BLNK
NOV A,NCALL BITS ;PRINT BAD BYTENOV A,9 ;MOVE TEST BYTE BACK
POP D ;RESTORE END ADDA
MET
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HILOX: PUSH A ;SAVE ACC
INX H ;INC CURRENT ADDR
MOV A,H ;LOAD HIGH ODER ADDR
CMP D ;COMPARE WITH END
JNZ DIFF ;NO MATCH
NOV A,L ;LOAD LOW ORDER
CMP E ;COMPARE LOW ORDERS
JNZ DIFF ;NO HATCH
POP A ;MATCH END
INX SP ;FAKE RETURN ONE LEVEL OUT
INX SP
RET

DIFF: POP A ;CONTINUE STUFFING
RET

PROB: MVI C,3FH ; ?
CALL CONOT ;PRINT ?
JPip ENTRY

MSG1 DB ODH,OAH,'NEMORY TEST',O
MSG2 DB ODH,OAH,'ENTER START ADDRESS ,0
MSG3 D ODH,OAH,'ENTER STOP ADDRESS .,0
MSG4 DB ODH,OAH,'END OF PASS ',OAH,O

diagnostic input output routines
for brian donlan 26 feb 79

CSTAT EQU 3 ;CONSOLE STATUS PORT.
CCOM EOU 3 ;CONSOLE COMMAND PORT.
CDATA EQJ 2 ;CONSOLE DATA PORT.
CKBR EQU 00000010B ;KEYBOARD READY BIT.
CPTR EQU 00000001B ;PRINT READY BIT.
CNULL EQU 1 ;CONSOLE NULL COUNT.

CHECK CONSOLE INPUT STATUS.

CONST: IN CSTAT ;READ CONSOLE STATUS.
ANI CKBR ;LOOK AT KB READY BIT.
MVI A,O ;SET A=O FOR RETURN.
RZ ;NOT READY WHEN ZERO.
CMA ;IF READY A=FF.
RET ;RETURN FROM CONST.

READ A CHARACTER FROM CONSOLE.

CONIN: IN CSTAT ;READ CONSOLE STATUS.
ANI CKBR ;IF NOT READY,

JZ CONIN ;READY WHEN HIGH.
IN CDATA ;READ A CHARACTER.

OUT CDATA
ANI 7FH ;MAKE MOST SIG. BIT 0.
RET

WRITE A CHARACTER TO THE CONSOLE DEVICE.

CONOT: NVI A,ODH ;IF IT'S A CR,
CMP C ;THEN HOP OUT
JZ CONUL ;TO NULL ROUTINE.

CONOTI: IN CSTAT ;READ CONSOLE STATUS.
ANI CPTR ;IF NOT READY,
JZ CONOTI ;READY WHEN HIGH.
NOV A,C ;GET CHARACTER.
OUT CDATA ;PRINT IT.
NET ;RETURN.

CONUL: PUSH 9 ;SAVE B&C.
MVI B,CNULL ;GET NULL COUNT.

CONULI: CALL CONOTI ;PRINT CR.
NVI C,O ;GET NULL CHAR.
DCR B ;DECREMENT COUNTER.
JNZ CONULl ;DO NEXT NULL.
POP B ;RESTORE B&C.
NOV A,C ;RESTORE A.
RET ;RETURN.
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; PRINT mESSAGE UNTIL ZERO
; MESSAGE ADDRESS REG H ' L

PMSG: MOV A,M ;GET CHAR
ORA A ;IS IT A ZERO

RZ
MOV C,A ;OTHERWISE PRINT
CALL CONOT
INX H ;INC ADDRESSS
JMP PSG

MSGS DB ODH,OAH,OAH,'LOC. TEST BYTE MEMORY BYTE',O

PRINT 8 BIT WORD IN BINARY FORMAT
; INPJT: DATA IN REG A

BITS: MOV B,A ; DATA
MVI A,80H ; MASK

OVER: MVI C,30H
MOV E,A ; STORE MASK
ANA B ; AND WITH MASK
JZ PRN; ; JUMP IF ZERO
MVI C,31H

PRNT: CALL CONOT
ANA B ; ZERO CARRY
MOV A,E ; LOAD MASK
RAR
JNC OVER
RET

BLNK: MVI C,2OH ;PRINT BLANKS, * IN REG. D
LPI: CALL CONOTI

DCR D
JNZ LP1
RET

BINHA: MV AD
PAR
RAR

PAR
PAR
CALL- BINI
MOV C,A

CALL CONOT
MOV A,D
CALL BINI
MDV C,A
CALL CONOT
RET

; JTPJTS FOUR HEX DIGITS IN ASCII
ENTER WITH DATA IN REG PAIR E AND D

BINS: CALL BINHA
MOV D,E
CALL BINHA
RET
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; N RNrS HrX FO ASCII

INPJT: 4 B17S HEX REG A
OrPJT: 8 BIT ASSCII REG A

BINI: ANI OFH
ADr 30H
CPI 3AH
RC
ADI 07H
RET

INPJTS 4 DIGITS FROM CONSOLE
RETJRN; 4 HEX DIGITS IN REG E-D

BBIN: CALL CONIN
CALL AHSI

RAL
RAL
RAL
RAL
ANT OFON

mOV D,A
CALL CONIN
CALL AHS1
ANI OFH
ORA D
MOV D,A
CALL CONIN
CALL AHS1
RAL
RAL
PAL
RAL
ANI OFOH
NOV E,A
CALL CONIN

CALL ANSI
ANI OFH
ORA E
MOV E,A
PET

CONVERT ASCII TO HEX
INPUT; 8 BIT ASCII REG A
OUTPUT: 4 BIT HEX REG A

ANSI: NOP

SUI 30H
CPI OH
RC
SUl 0TH
RET
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INITIATE 510 PORTS

INITA: MVI AOAAH ;GET DJMMY MODE WORDOUT CSTAT ;OUTPUT ITMVX A,4oe ;GET RESET BIT
OUT csrAr ;RESET SI0 BOARDmVI A,OCEH ;GET REAL MODE WORD
OuT CSTAT ;SET THE MODE FOR REALMVI A,37H ;GET THE COMMAND
OUT CSTAT ;OUTPUT ITREr

CRLF: MVl C,13 ;CR
CALL CONOT

LF: mVI Clio ;LF
CALL CONOT1
MV! C,7FH
CALL CONOT1
CALL CONOT
RET
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Section 7

Formatted Disk Test

7.1 General Description

The formatted disk test is designed to test

the operation of the Pertec floppy disk drive and the

Tarbell Disk controller. The ability of the disk system

to read, write and seek tracks is tested in the normal

formatted mode.

7.2 Program Details

The formatted disk test is the largest and most

complex of all the diagnostics in this package. The test is

completely self-contained and requires no external I/O

subroutines.

The ability of the disk system to read, write

and seek tracks is tested by writing a known test pattern

and then repositioning the read/write head before perform-

ing a verification read. In order to test the disk drive

for track positioning and skew error the head is moved

between each read and write. The test sequence is as followss

1. write inner track
2. seek outer track
3. write outer track
4. seek inner track
5. read and verify inner track
6. seek outer track
7. read and verify outer track
8. increment inner and outer track counters
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The inner track starts at one and the outer

track starts at 38. This continues until all 26 sectors

on 77 tracks are tested. Extensive error checking is

performed on both the read/write data and the disk status.

A large number number of error messages are provided

to aid in error analysis. All seek error and read/write

data error messages include the sector and track number

in question.

7.3 Operation

This test will request that a formatted scratch

disk for reading and writing be mounted. The mounting

of the disk must then be confirmed by the operator typ-

ing a 'Y' on the console device.

The test requires no further interaction unless

an error is encountered. After an error is reported, the

operator must instruct the program whether to repeat(R) the

last sector test or to continue(C) on to the next sector.

Raising sense switch '0' will direct the test to automati-

cally continue after an error.

The test can be stopped at any time by typing

a 'control B' on the console device.

Each sector contains 128 data bytes. When a

read data verification error is encountered, the faulty

track and sector are reported and the number of incorrect

bytes in the sector is counted. Only the last errant data

byte is listed.

4s3



The disk test is stored in programmable memcry

on the diagnostic memory board. The disk test can be

run under the diagnostic operating system test controller,

or it can be started from the IMSAI 8080 front panel at

a starting address of 'C800'.

The disk test is also stored on floppy disk and

it can be invoked by the CPM operating system under file

name 'DSKTST.COM'.
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; DISK TEST FOR TARBELL DISK CONTROLLER
; BRIAN J. DONLAN
; 18 MAR 79

DISC VERSION

ORG 0100HENTRY: LXI HMSGI ;OPENING MESSAGE
CALL PMSG
LXI H,MSGlA
CALL PMSG
CALL CONIN ;CHECK KEYBOARDCPI Y, ;CHECK IF YJNZ ENTRY ; ?? START OVER
CALL CRLF

LOOP6: CALL CRLF
XRA A ;ZERO ACCSTA ERRFLG ;ZERO EERROR FLAGSrA LPCNT ;ZERO LOOP COUNTCALL HOME ;HOME DRIVE TO rRK 0LOOP4: XRA A
STA INNER ;ZERO INNER IRKMVI A,38 ;OUTER TRK
STA OUTER
CALL PAT ;GET PATTERN
CALL INWRT
MVI A,34
CALL SEEK
CALL INRD ;MOVE BACK AND CHECK TRK 00MVI A,01 ;SET UP TO DO PAIRSSTA INNER ;START PAIRS WITH TRKO7

TEST FOR CONSOLE INTERRUPT
LOOPM: IN CSTAT

ANI 02H ;KEYBAORD READY
JZ LOOP3 ;NO
IN CDATA ;READ KEYSCPI 03H ;CONTROL C
CPI 02H ;CONTROLB
Jz ENTRY ;START OVER AGAIN

LOOP3: CALL INWRT ;WRITE INNER TRK
CALL OUTWRT
CALL INRD ;READ INNER IRK
CALL OUTRD
LDA INNER
INR A
STA INNER
ADI 38 ;FIND NEXT OUTER T4KSTA OUTER ;STORE OUTER TRKCPI 77 ;TRK 77 YET ?JNZ LOOP8 ;NOT DONE YETLDA LPCNT ;LOOP COUNTER
INR A
STA LPCNT
JMP LOOP4

PATTERN ROUNTINE EXPANDABLEPAT: LDA LPCNT ;LOAD LOOP COUNTER
JZ IST
CPI 01 "SECOND PASS
JZ SECD
CPI 02
iZ THIRDLXI H,MSG2 ;END OF PASS
CALL PMSG
IN CSTAT ;CHECK KEYBOARD
ANI 02HiZ LOOP6 ;CONTINUE TEST UNTIL INTERUPTED
HLT
JmP ENTRYIST: MVI A,OFFH ;ALL ONES PATERNSTA PATEN ;STORE PATTERN
RET

SECD: MVI A,OOH ;ALL ZERO PATTERN
STA PATEN
RET

THIRD MVI A,55H ;ALTER PATTERN
STA PATEN
RET
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WRITE INNER RK
INWRr: LDA INNER

SrA TRK
BOTH: CALL SEEK ;MOVE HEAD TO rRK

MVI A,01 ;FIRST SECTOR
STA SECT

LOOP1: XRA A ;ZERO ACC
STA REPETE ;ZERO REPEAT FLAG
CALL WRITE ;WRITE ONE SECTOR
LDA REPETE ;LOAD REPEAT FLAGORA A ;SET FLAGS
JNZ LOOPI ;REPEAT SECTOR
LDA SECT
INR A ;INC SECTOR
STA SECT
CPI 27 ;ALL SECTOR DONE ?
JNZ LOOPI ;NO
RET

WRITE CUTER TRK
OJTWRT: LDA OU;TER ;LOAD OUTER IRK

STA TRK
JMP BOTH ;COMMON WRITE ROUNTINE

READ INNER rRK
INRD: LDA INNER

STA TRKBOTH2: CALL SEEK ;MOVE HEAD TO TRK
MVI A,01 ;FIRST SECTOR
STA SECT ;ZERO SECTOR

LOOPS: XRA A
STA ERRFLG ;ZREO ERROR COUNT
STA REPETE
CALL READ ;READ ONE SECTOR
XRA A ;ZERO ACC
STA ERRFLG
LDA REPETE ;REPEAT FLAG
ORA A ;SET FLAGS
JNZ LOOP5
LDA SECT
INR A
STA SECT ;NEXT SECTOR
CPI 2? ;ALL SECTORS DONE ?
JNZ LOOP5 ;NO
RET

READ OUTER TRK
OUTRD: LDA OUTER ;OUTER TRK NO.

STA TRK
JMP BOTH2

ERRPNT: LXI H,MSG3 ;ERROR MESSAGE
CALL PMSG
LDA ERRFLG ;ERROR COUNT
MOV D,A
CALL BINHA ;PRINT ERROR COUNT
LXI H,MSG4 ;HEADINGS
CALL PMSG
MVI D,03 ;SPACE OVER
CALL BLNK
LDA TRK ;TRACK NO.MOV D,A
CALL BINHA ;PRINT TRACK NO.
"VI D,16 ;SPACE OVER
CALL BLNK
LDA SECT ;SECTOR NO.
NOV D,A
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CALL BINHA ;PRINT SECTOR NO.
MVI D,13 ;SPACE OVER
CALL BLNK
LDA PATEN
CALL BITS ;PRINT TEST PATTERN
MVI D,12 ;SPACE OVE
CALL BLNK
LDA BADBT ;LAST BAD BYTE
CALL BITS ;PRINT LAST BAD BYTE
RET

LPCNT: DS 1 ;SPACE FOR LOOP COUNTER
INNER: DS I ;SPACE FOR INNER TRK NO.
OUTER: DS 1 ;SPACE FOR OUTER IRK NO.
PATEN DS 1 ;SPACE FOR TEST PATTERN
ERRFLG: DS 1 ;SPACE FOR ERROR COUNT
BADBT: DS 1 ;SPACE FOR BAD BYTE
BDTRK: DS 1 ;SPACE FOR DISK READ TRK WHEN ERR
REPETE: DS 1 ;REPETE FLAG
MSG1: DB ODH,OAH,'DISK TEST NO. 1 FORMATTED TEST ',0
MSGlA: DB ODH,OAH,'LOAD SCRATCH DISK TYPE Y WHEN READY',O
MSG2 DB ODH,OAH,' END OF PASS ',0
MSG3: DB ODH,OAH,'DATA ERROR ON DISK CHECK ERROR COUNT IN HEX ',O

MSG4: DB ODH,OAH,' TRACK NO. SECTOR NO. TEST BYTE LAST ERROR'
MSG5: DB ODH,OAH,'HEAD POSITION ',0
MSG6: DB ODH,OAH,'DISK TRACK CONTROLLER TRACK SECTOR ',OOHOAH,O
MSG7: DB ODH,OAH,ODH,OAH,' !! EXECUTION STOPPED !1 ',0

MSG8: DB ODH,OAH,'TYPE R TO RETRY, C TO CONTINUE, ANYTHING ELSE STOP ',O

CSTAT EQU 3 ;CONSOLE STATUS PORT.
CCOM EOU 3 ;CONSOLE COMMAND PORT.
CDATA ECU 2 ;CONSOLE DATA PORT.
CKBR EQU 00000010B ;KEYBOARD READY BIT.
CPTR EQU OOOOOOO1B ;PRINT READY BIT.
CNULL ECU I ;CONSOLE NULL COUNT.
DISK ECU OFBH ;DISK BASE ADDRESS.
DCOM EQU DISK ;DISK COMMAND PORT.
DSTAT EQU DISK ;DISK STATUS PORT.
TRACK EQU DISK 1 ;DISK TRACK PORT.
SECTP EQU DISK+2 ;DISK SECTOR PORT.
DDATA EQU DISK+3 ;DISK DATA PORT.
WAIT EQU DISK+4 ;DISK WAIT PORT.
DCONT ECU DISK+4 ;DISK CONTROL PORT.

TRK: DS 1 ;ADDRESS FOR TRACK
SECT: DS 1 ;ADDRESS FOR SECTOR

; READ A CHARACTER FROM CONSOLE.

CONIN: IN CSTAT ;READ CONSOLE STATUS.
ANI CKBR ;IF NOT READY,

JZ CONIN ;READY WHEN HIGH.

IN CDATA ;READ A CHARACTER.

OUT CDATA
ANI 7FH ;MAKE MOST SIG. BIT : 0.
RET

WRITE A CHARACTER TO THE CONSOLE DEVICE.

CONOT: MVI A,ODH ;IF IT'S A CR,

CMP C ;THEN HOP OUT
JZ CONUL ;TO NULL ROUTINE.

CONOTI: IN CSTAT ;READ CONSOLE STATUS.

ANI CPTR ;IF NOT READY,
JZ CONOTI ;READY WHEN HIGH.
MOV A,C ;GET CHARACTER.
OUT CDATA ;PRINT IT.
RET ;RETURN.

CONUL: PUSH B ;SAVE B&C.
MVI 9,CNULL ;GET NULL COUNT.

CONULI: CALL CONOT1 ;PRINT CR.
MV! C,O ;GET NULL CHAR.

DCR B ;DECREMENT COUNTER.
JNZ CONULI ;DO NEXT NULL.
POP B ;RESTORE B&C.
NOV A,C ;RESTORE A.
RET ;RETURN.
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MOVE DISK TO TRACK ZERO.

HOME: MVI A,ODOH ;CLEAR ANY PENDING COMMAND.
our DCOM
XRA A ;ZERO ACC
STA rRK ;STORE TRACK

HOME?: IN DSTAT ;READ DISK STATUS.
RRC ;LOOK AT LSB.
JC HOMEI ;WAIT FOR NOT BUSY.
MVI A,3 ;20 MS STEP RATE.
OUT DCOM ;ISSUE HOME COMMAND.
IN WAIT ;WAIT FOR INTRO.
ORA A ;SET FLAGS.
JM HERR ;ERROR IF DRO.
IN DSTAT ;READ DISK STATUS.
MOV D,A ;SAVE IN REGISTER D.
ANI 4 ;LOOK AT BIT 2.
JZ HERR ;ERROR IF NOT TRK o.
MOV A,D ;GET STATUS BACK.
ANI 91H ;MASK NON-ERROR BITS.
RZ ;RETURN IF NO ERROR.

HERR: LXI H,HEMSG ;PRINT "HOME ".
MOV A,D ;MASK NON-ERROR BITS.
ANI 91H
NOv D,A
JMP ERMSG ;DO COMMON ERROR MSGS.

SELECT DISK NUMBER.

INTDSK: MVI A,02 ;DRIVE NO. 1
DSKI.: OUT DCONT ;SET THE LATCH WITH CODE.

RET ;RETURN FROM SELDSK.

READ THE SECTOR AT SECT, FROM THE PRESENT TRACK.
SECTOR IN SECT
HEAD LOAD FIRST

READ: LXI H,OBOH ;READ BUFFER
LDA SECT

READI: OUT SECTP ;SET SECTOR INTO 1771.
MVI A,8Cf ;CODE FOR READ W/O HD LD.

READE: OUT DCOM ;SEND COMMAND TO 1771.
RLOOP: IN WAIT ;WAIT FOR DRQ OR INTRO.

ORA A ;SET FLAGS.
JP RDDONE ;DONE IF INTRQ.
IN DDATA ;READ A DATA BYTE FROM DISK.

MOV M,A ;STORE IN BUFFER
INX H ;INC BUFF POINTER

JMP RLOOP

COMPARE DATA WITH TEST BYTE;
RDDONE: LXI H,080H ;HEAD OF BUFFER

LDA PATEN ;TEST PATTERN
MOV B,A ;PATTERN TO B
MVI D,080H ;COUNTER FOR BYTES

COMPLP: MOV A,M ;GET DATA
CMP B ;COMPARE WITN TB
iNZ DATERR ;ERROR

ERRET: INX f
DCR D ;DEC BYTE COUNT
JNZ COMPLP ;DO 128 TIMES
IN DSTAT ;READ DISK STATUS.
ANI 9DH ;LOOK AT ERROR BITS.
NOV D,A ;SAVE ERROR BITS
LDA ERRFLG ;READ ERROR FLAG
ORA 0 ;SET FLAGS ON COMBO
RZ ;RETURN IF NONE.
LXI H,RDMSG ;PRINT *READ '.

ERMSG: CALL PMSG ;PRINT ORIGIN MESSAGE.
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COMMON ERROR PRINT our

ERMSGI: MOV A,D ;GE: ERROR BITS.
ANI 80H ;IF BIT 7 HIGH,
LXI H,NRMSG ;"NOT READY".
CNZ PMSG
MOV A,D ;GET ERROR BITS.
ANI 1OH ;IF BIT 4 IS HIGH,
LXI H,RNMSG ;PRINT "RECORD NOT FOUND"
CNZ PMSG
MOV A,D ;GET ERROR BITS.
ANI 8H ;IF BIT 3 IS HIGH,
LXI H,CRCMSG ;PRINT "CRC ERROR".
CNZ PMSG
MOV AD ;GET ERROR BITS.
ANI 4H ;IF BIT 2 IS HIGH,
LXI HLDMSG ;PRINT "LOST DATA".
CNZ PMSG
MOV A,D ;GET ERROR BITS.
ANI 1 ;IF BIT 1 IS HIGH,
LXI H,BSYMSG ;PRINT "BUSY".
CNZ PMSG

PERMSG: LXI ti,ERRHSG ;PRINT "ERROR."CALL PMSG
MOV A,D ;MOVE FLAGS TO ACC
ANI 18H ;CRC OR RECORD NOT FOUND
JZ RETRY

TRKCHK: MVI A,DC4H
OUT DCOM ;READ ADDRESS
IN WAIT
IN DDATA ;TRACK ADDRESS
STA BDTRKCHKS2 IN WAIT ;DUMP REST OF DATA
Jm CHKS2
LXI H,MSG5 ;HEAD ERROR MESSAGE
CALL PMSG
LXI H,MSG6 ;HEADINGS
CALL PMSG
MVI D,05H
CALL BLNK ;SPACE OVER
LDA BDTRK ;DISK TRK
MOV D,A
CALL BINHA ;PRINT TRK
MVI D,15H
CALL BLNK ;SPACE OVER
IN TRACK
NOV D,A
CALL BINHA ;PRINT TRK
MVI D,13H
CALL BLNK
LDA SECT ;SECTOR
MOV D,A
CALL BINHA ;PRINT SECTO NO.RETRY: LDA ERRFLG
ORA A ;SET FLAGS
CNZ ERRPNT ;GO TO READ CHECK ERROR PRINTIN CDATA ;CLEAR KEYBOARD
IN OFFH ;READ SENSE SWITCHES
ANI O1H ;SWITCH 0
JNZ CONT
LXI H,MSG8
CALL PMSG ;REQUEST INPUT
CALL CONIN ;READ KEYS
CPI a, ;CHECK FOR R
JZ FIX
CPI 'C' ;CHECK FOR C
Jz CONT
HLTFIX: MVI A,01 ;SET REPETE FLAG
STA REPETE
CALL CRLF
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CALL CRLF
RET

CONT: CALL CRLF
CALL CRLF
RET

DATERR: STA BADBT ;SAVE BAD BYTE
LDA ERRFLG ;LOAD ERROR COUNT
INR A
STA ERRFLG ;NEW COUNT
JMP ERRET ;RETURN

WRITE THE SECTOR AT SECT, ON THE PRESENT TRACK.
USE STARTING ADDRESS AT DMAADD.
LOAD HEAD FIRST

WRITE: LDA PATEN
MOV B,A ;TEST PATTERN IN B
LDA SECT ;LOAD SECTOR

WRITEl: OUT SECTP ;SET THE SECTOR INTO 1771.
MVI A,OACH ;SET UP 1771 FOR WRITE.
OUT DCOM

WLOOP: IN WAIT ;WAIT FOR READY.
ORA A ;SET FLAGS.
JP WDONE ;HOP OUT WHEN DONE.

INSERT PATTERN HERE
NOV A,B ;LOAD TEST PATTERN

OUT DDATA ;WRITE ONTO DISK.
INX H ;INCREMENT MEM PTR.
JMP WLOOP ;KEEP WRITING.

WDONE: IN DSTAT ;READ DISK STATUS.
ANI OFDH ;LOOK AT THESE BITS.
MOV D,A ;SAVE STATUS BITS

PROCER: RZ ;RETURN IF NO ERR.
WERRO: LXI H,WTMSG ;PRINT "WRITE ".

CALL PMSG
MOV A,D ;GET ERROR BITS.
ANI 4OH ;LOOK AT BIT 6.
LXI H,WPMSG ;PRINT "PROTECT "
CNZ PMSG
MOV A,D ;GET ERROR BITS.
ANI 2DH ;LOOK AT BIT 5.
LXI H,WFMSG ;PRINT "FAULT ".
CNZ PMSG
JMP ERMSG1 ;DO COMMON MESSAGES.

MOVE THE HEAD TO THE TRACK IN REGISTER A.

SEEK: OUT DDATA ;TRACK TO DATA REGISTER.
BUSY: IN DSTAT ;READ DISK STATUS.

RRC ;LOOK AT BIT 0.
JC BUSY ;WAIT TILL NOT BUSY.
MVI A,12H ;SET FOR 10 MS STEP.
ORI 4 ;VERIFY ON LAST TRACK.
OUT DCOM ;ISSUE SEEK COMMAND.
IN WAIT ;WAIT FOR INTRQ.
IN DSTAT ;READ STATUS.
ANI 91H ;LOOK AT BITS.
NOV D,A ; SAVE STATUS
RZ ;RETURN IF NO ERROR
LXI H,SKMSG ;PRINT "SEEK ".
JMP ERMSG ;DO COMMON ERR MESSAGES.

PRINT THE MESSAGE AT H&L UNTIL A ZERO.

PMSG: NOV AM ;GET A CHARACTER.
ORA A ;IF IT'S ZERO,
RZ ;RETURN.
NOV C,A ;OTHERWISE,
CALL CONOT ;PRINT IT.
INX H ;INCREMENT HAL
JMP PMSG ;AND GET ANOTHER.
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* CBIOS MESSAGES
RENT EQU OOOOH ;MONITOR ENTRY

NRMSG: DB 'NOT READY ',0
RNMSG: DB 'RECORD NOT FOUND ',O
CRCMSG: DB 'CRC ',O
LDMSG: DB 'LOST DATA ',O
BSYMSG: DB 'BUSY ',O
WPMSG: DB 'PROTECT ',O
WFMSG: DB 'FAULT ',0
ERRMSG: DB 'ERROR.',O
RDMSG: DB ODH,OAH,'READ ',O
WTMSG: DB ODH,OAH,'WRITE ',O
SKMSG: DB 00H,OAH,'SEEK ',O
HEMSG: DB ODH,OAH,'HOME ',O
MNTMSG: DB ODH,OAH,'MOUNT ',O

; PRINT 8 BIT WORD IN BINARY FORMAT
INPUT: DATA IN REG A

BITS: NOV B,A DATA
MVI A,BOH ; MASK

OVER: MVi C,30H
MOV E,A ; STORE MASK
ANA B ; AND WITH MASK
JZ PRNT ; JUMP IF ZERO
NV! C,31H

PRNT: CALL CONOT
ANA B ; ZERO CARRY
NOV A,E ; LOAD MASK
RAR
JNC OVER
RET

BLNK: MVI C,20H ;PRINT BLANKS, f IN REG. D
LPI: CALL CONOTI

DCR D
JNZ LPI
RET

BINHA: NOV A,D
RAR
RAR
RAR
RAR
CALL BiNl
NOV C,A
CALL CONOT
NOV A,D
CALL BIN1
NOV CA
CALL CONOT
RET

OUTPUTS FOUR HEX DIGITS IN ASCII
ENTER WITH DATA IN REG PAIR E AND D

DINB: CALL BINHA
NOV D,E
CALL BINHA
NET
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; CCfVERrS HEX rO ASCII
; INPJT: 4 BITS HEX REG A

oUTPUT: 8 BIT ASSCII REG A

BINi: ANI OFH
ADI 30H
CPI 3AH
RC
ADI 07H
RET

, INITIArE SIO PORTS

INITA: MVI A,OAAH ;GET DUMMY MODE WORDOuT CSTAT ;OUTPUT ITMRV A,AOH ;GET RESET BITOUT CSTAr ;RESET SIO BOARDMvi A,OCH ;GET REAL MODE WORDOUT CSTAT ;SET THE MODE FOR REALMVZ A,37H ;GET THE COMMAND
OUT CSrAr ;OUTPUT IT
RET

CRLF: MVI C,13 ;CR
CALL CONOT

LF: MVI Cio ;LF
CALL CONOTI
MVI C,7FH
CALL CONOTI
CALL CONOT
RET

END
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Section 8

Track Write Routine

8.1 General Description

The track write routine is not a diagnostic test,

but rather a programmed aid to be used during disk drive

maintenance and alignment. When executed, an entire track,

as selected in the sense switches, is repeatedly written

with an all ones pattern.

8.2 Program Details

The disk track write routine does not test the

data written, but it does test and report on the ability

of the disk drive to load the read/write head and to

move it to a selected track.

The track write routine reads the IMSAI 8080

front panel sense switches for the desired track. Error

checking is performed to test if the selected track is

greater than 76, the last track. If the selected track

number is greater than 76, the front panel sense lites

oscillate and no writing is performed.

If the selected track number is valid, a seek

to that track is performed. The read/write head is then

loaded and full track writing can begin at the next index

marker. The entire track is written with all ones until

the index mark is reached again. The track is repeatedly

written until a new track is selected by the operator.
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This continuous writing can be very valuable

when troubleshooting or aligning the disk drive heads

and read/write circuitry as outlined in the Pertec disk

drive manual.

8.3 Operation

Upon entering the program, the routine will

request that a scratch disk be mounted. The scratch disk

does not need to be formatted for this routine. After

the scratch disk is loaded, the desired track should be

set in the sense switches and then type a 'Y' on the con-

sole to begin. The drive will then perform a seek to that

track and begin writing.

The track number may be changed at any time and

the sequence will begin on the new track. A convenient

way to stop the writing at any time is to raise the left

most sense switch which halts the write operations by

forcing a large track number.

Some drive error messages ask the operator

whether to abort or continue after the error.

The track write routine is stored in programmable

memory on the diagnostic memory board. The write routine

can be run under the diagnostic operating system test

controller, or it can be started from the IMSAI 8080 front

panel at a starting address of 'CD8O' Hex.

The track write routine is also stored on floppy

disk and it can be invoked by the CPM operating system.
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under file name 'WRTTRK-CO1M'.
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* J 'iE 79

COG 010OH

t -4RYA: MP S7,AR7A
ENrRYB: LXi 4,080H

SPIL ;'-Er STACK

' 4R4 -LL 1,'7A1 ;RESET Slo
REA:-'z CALL PM.SG

CALL lyN! ;READ KEYBOARD

LX: H.S2
JNz RFA D r
CALL HOMES74R78: ORA A ;SET FLAGSJNZ STARTA 'ERROR START OVER
Lx!m HSAT ;suJ8RojrNE RETURN

START-: IN OFFH RA ESESNT~
CPI 77A ESES1CFJN 77R ;PREVENT TRACK OVER-DRIVESEEKA: CALL SEEK HvHAGTrAC
IVI BOF ;TEST PAT'ERNV! A.OF4H ;WRITE TRX COMMAND

WR!LP: IN WAIT
ORA A
JP WDONE
NOV AB
OUT DDA TA
imp WRTLP

EPRA: MV! B,OFDH
ERRLP: mNOV AB

CMA
Our OFF H
LXI Dl
LXI HO0oH;EAYLO

EPPLPB: DAD 0 DLYLO
JNC ERRLP8
mDv B,A
IN OFFH ;SEE IF SWITCHES FIXEDC P1 77
JNC ERRLP

DELAr: LXI HO
LXI 0,01HDELP: DAD D
JNC DELP

DELAYA: LXI HO
LXI D.O1H

DELPA: DAD D
JNC DELPA
imp STARTC
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ZP3 R C4, >H, :A.4, '7 ~A-K x F O r 'IE
:; a D ', A 4 LOA C A PA 1 OH D _7K r PE f d Hl ;ALP Y

4 S ?A Z DR OD ,A .4?? '0

LC-NT: DS I ;SPAC-E FOR LOO P CjLNTER
aA:Br: OS I ;SFAC-E FOR BAD 9YTE

BDRK OS ;SPCE FOPR DISK READ TRK WHEN ERR
MSGi: DB ODH,0AH,-DISK rFST NO. 1 FCP-ATTED TEST ',O
vS51A: DB ODH,OAH, 'LOAD SCRA FOX DISK TYPE Y WHEN FEADY' .0
MSOA2 Da 0D4,0AH, ' END O-F PASS -,0
ms03: DR 1 OD Xi , A , 'DATA E??3R ON DISK OHTCK isRO OON I 7x
4SOa: DR ODH.,H, ' TPACK 40. S EC:O NO. TEST BiTE A
,S(,5: D ODOA,'EDPD STrom ''0
'S;' DR a DH :oAA,'s 7RACK CONCPSLLER TrACK SE:DP
Msr': Ds c iH, 0DN, EE :' STOXR ifx '

MS',2: DR ZH, AH, 'TYPE R T'O PETRY, C TO, CCNZNJE, ANY7:NO, -LS:-TO ',C

ESA EOU 3 ;:ONSOLE- STATJS PORT.
CCOM E Cd 3 ;DCNSDLE COMMAND PORT.
CrA7A ECU 2 ;OONS0OLE DA-A PoRr.
OKSR E:DU 00000010B ;:IYaOARD READY 9IT.
CPTR ECU 000000018 ;PR:MT READY BIT.
ONJLL ECU I ;CONSOLE NULL COUNT.
DISK EDU OFOR ;D'SK SASE ADDRESS.
D,M ECU DISK ; D 1SK CSM AND PORT.

DSrAT EGU DISK ;D:SK STATjS PORT.
r?ACK EQU DISK-1 ;D SK TRACK PORTl.
SEClTP ECU OISK.2 ;DISK SE:TOP PORT.
DATA ECJ DDSK.3 ;DISK DATA PORT.
WAIT EQU nl5K44 ;DDISK WA:Tl PORT.
DCDNT ECU DISK.'A ;DISK CONTROL PORT.

TRK: DS 1 ;ADDRESS FOR TRACK
SECT- DS I ;ADDRESS FOR SECTOR

READ A CHARACTER FROM CONSOLE.

CONIN: IN CSTAT ;READ CONSOLE STATUS.
ANI CKBR ;IF NOT READY,

Jz CORI% ;RshZY W~isN HIGH.
I N CDATIA ;READ A CHARACTER.

ouT CDATA
AS 7li ;MAKE MOST Sir- BIT 0.

RFT

*WPDTE A CHARACTER TO THE CONSOLE DEVICE.

CONOT: NVI A,OD4 ;IF IT'S A CR,
CM? C ;THEN HOP OUT
JZ COVUL ;TO NULL. ROUTNWE.

CONOTI: TN CSTAT ;READ CONSOLE STATUS.
ANI CPTR ;IF NOT READY,
jz CONOTI ;READY WdHEN HIGH.
MOV, A,C ;GET CHARACTER.
our CDATA ;PRINT IT.
RET ;RETURN.

CONUL: PUSH B ;SAVE B&C.
MVID B,CNULL ;GET NULL COUNT.

CONULI: CALL coNorI ;PRINT CR.
myI C,0 ;GET NULL CHAR.
DCR B ;DECREMENT COUNTER.
JNZ CONULI ;DO NEXT NULL.
POP B ;RESTORE B&C.
MOV A,C ;RESTORE A.
RET ;RETURN.



"OE 7:-K T7 RACK I O.

HOM4E: ' vI , l ;L As-f ?N-
C JT DCOM
XRA A ;ZED, ACC
STA TRK ;:T'r TPACKHCME;: IN DSTAT ;READ lISK STATUS.PRC ;LOOK AT LSB.Jc HOMEI ;4AIr FOR NOT BdSY.MVI A,3 ;20 MS STEP RATE.OUT lCM ;:SSJE HCME COM'MAND.IN WAIT ; AIT FOR INTRQ.
:RA A ;SET FLAGS.
M HERR ;EFRCR IF DRQ.IN OSTAr ;READ DISK STATjS.W4V ',A ;SAVE IN REGISTER D.

AN: 4 ;LOCK A7 B1T 2.lZ HERR ;ERRO? IF NOT rTA 0.'^V A,D ;GET SrATS BACK.ANI 91H ;MACK NON-ERROR BITS.E R ;PETJRN :F NO ERROR.HERR: LX: HHEMSG ;PRIMT "HOME .MOV A,D ;MASK NON-ERROR BITS.
ANI 91H
MOV D,A
JMP ERMSG ;DO CCMMGN ERROR MSGS.

ERMSG: CALL PMSG ;PRINT ORIGIN MESSAGE.

COMMON ERROR PRINT OUT

ERMSG?: mOV A,D ;GET ERROR BITS.ANT 80H ;IF BIT 7 HIGH,
LX: H,NRMSG ;"NOT READY'.
CNZ PHSG
MCV AD ;GET ERROR BITS.AN!I OH ;IF BIT . IS HIGH,LX: H, RNMSG ;RRNT "RECO NOT FOUND"
CNZ PMSc
4OV A,D ;GET ERROR BITS.ANT 8H ;IF BIT 3 IS HIGH,LXI HCRCMSG ;PRINT ,CRC ERROR"
CNZ PMSG
MOV A,D ;GET ERROR BITS.
ANI UH ;IF BIT 2 IS HIGH,LXI H,LDMSG ;PRINT "LOST DATA".
CNZ PmS3N
MOV A,D ;GET ERROR BITS.ANT 1 ;IF BT iS HIGH,LXI HBSYMSG ;PRINT "BUSY".
CNZ PMSGPERMSG: LXI HERRMSG ;PRINT "ERROR."
CALL PNSG
MOV A,D ;MCVE FLAGS TO ACCANI 18H ;CRO OR RECORD NOT FOUNDJ2 RETRY

TRKCHK: MVI A,OC4H
OUT DCOMIN WAIT ;READ ALbRESS
IN ODATA ;TRACK A3DRESS
STA BDTRKONKS? IN WAIT ;DUMP REST OF DATAJM CHKS2

LXI H,MSG5 ;HEAD ERROR MESSAGE
CALL PMSG
LXI H,MSG6 ;HEADINGS
CALL PMSG
MVI D,OSH
CALL BLNK ;SPACE OVER
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LDA BDTRK ;DISK IRK
mOV D,A
CALL BINHA ;PRINT TRK
MVI D,15H
CALL BLNK ;SPACE OVER
IN TRACK
MOV D,A
CALL BINHA ;PRINT IRK
MVI D,13H
CALL BLNK
LDA SECT ;SECTORMov D,A

CALL BINHA ;PRINT SECTO NO.
RETRY; IN CDATA ;CLEAR KEYBOARD

IN OFFH ;READ SENSE SWITCHES
ANI 080H ;SWITCH 0
JNZ CONT
LXI H,MSG8
CALL PMSG ;REQUEST INPUT
CALL CONIN ;READ KEYS
CPI 'R' ;CHECK FOR R
JZ FIX
CPI 'C' ;CHECK FOR C
JZ CONT
HLT

FIX: MVI A,01 ;SET REPETE FLAG
CALL CRLF
CALL CRLF
RET

CONT: CALL CRLF
CALL CRLF
RET

WDONE: IN DSTAT ;READ DISK STATUS.
ANI OFDH ;LOOK AT THESE BITS.
MOV D,A ;SAVE STATUS BITS

PROCER: RZ ;RETURN IF NO ERR.
WERRO: LXI H,WTMSG ;PRINT "WRITE "

CALL PMSG
MOV A,D ;GET ERROR BITS.
ANT 4OH ;LOOK AT BIT 6.
LXI HWPMSG ;PRINT "PROTECT ".
CNZ PMSG
MOV AD ;GET ERROR BITS.
ANI 20H ;LOOK AT BIT 5.
LXI HWFMSG ;PRINT "FAULT ".
CNZ PMSG
JMP ERMSG* ;DO COMMON MESSAGES.

; MOVE THE HEAD TO THE TRACK IN REGISTER A.

SEEK: OUT DDATA ;TRACK TO DATA REGISTER.
BUSY: IN DSTAT ;READ DISK STATUS.

RRC ;LOOK AT BIT o.
JC BUSY ;WAIT TILL NOT BUSY.
MVI A,12H ;SET FOR 10 MS STEP.
OUT DCOM ;ISSUE SEEK COMMAND.
IN WAIT ;WAIT FOR INTRO.
IN DSTAr ;READ STATUS.
ANI 91H ;LOOK AT BITS.
MOV D,A ; SAVE STATUS
RZ ;RETURN IF NO ERROR
LXI H,SKMSG ;PRINT "SEEK .
JMP ERMSG ;DO COMMON ERR MESSAGES.

PRINT THE MESSAGE AT H&L UNTIL A ZERO.

PMSG: NOV A,M ;GET A CHARACTER.
ORA A ;IF IT'S ZERO,
12 ;RETURN.
NOv C,A ;OTHERWISE,
CALL CONOT ;PRINT IT.
INX H ;INCREMENT H&L,
JMP PMSG ;AND GET ANOTHER.

59

.... .. ... _ _ - , , |m



C~rOS MFSSAGES
RENT Equ OOOOH ;M0ONIEOR FNTRY

NRMSG: D8 -'Sot READY ''o
RNMSG: 08 'RECORD NOT FOUND ',0
CRCMSG: DS 'CRC 1,0
LDMSG: DB 'LOST DATA '.0
BSYMSG: DB 'BUSY I'D
NPMSG,: 05 'PROTECT ',o
WFMSG: D8 'FAULT -.0
ERRMSG: D8 'EFROR.',O
RDMSG: 05 OON,OAH,'READ ',0
Wr$4SG:, 08 ODH,OAH,'WRIrE ',0
SKM'SG* DB ODH,OAH,'SEEK -,0
HEYSG: D8 ODH,OAH,'HOME -,0
M N rMfS : D8 ODH,OAH, 'MOUNT ',O

BLNK: MVI C,20H ;PRINT BLANKS, 0 IN REG. 0
LPI: CALL CONOTI

DCR 0
JNZ LPI
RET

BINHA: MOV A,D
RAR

RAR
RAR
CALL BINi
Nov C,A
CALL CONOT
NOV A,D
CALL BINI
NOV C,A
CALL CONOT
RET

OUTPUTS FOUR HEX DIGITS IN ASCII
ENTER WITH DATA IN REG PAIR E AND D

BINS: CALL BINHA
NOV D,E
CALL BINHA
RET

CONVERTS HEX TO ASCII
INPUT: 4 BITS HEX RED A
OUTPUT: 8 BIT ASSCII RED A

BINI: ANI OFH
ADI 30H
CPI 3AHt
PC
ADI 07H
RET
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; INITIATE SIO PORTS

INIrA: MVI A,OAAH ;GET DUMMY MODE WORD
OUT CSTAT ;OUTPUT IT

MVI A,40H ;GET RESET BIT
OUT CSTAT ;RESET SIO BOARD
MVI A,OCEH ;GET REAL MODE WORD
OUT CSTAT ;SET THE MODE FOR REAL
MVI A,37H ;GET rHE COMMAND
OUT CSTAT ;OUTPUT IT
RET

CRLF: MVI C,13 ;CR
CALL CONOT

LF: MVI C,10 ;LF
CALL CONOT1
MVI C,7FH
CALL CONOT1
CALL CONOT
RET
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Section 9

Track Read Routine

9.1 General Description

The Track Read Routine is not a diagnostic test,

but rather a programmed aid to be used during disk drive

maintenance and alignment. When executed, an entire

track as selected on the sense switches, is repeatedly read.

9.2 Program Details

The disk drive read routine does not save or

test the data being read, but it does test and report on

the ability of the disk drive to load the read/write head

and to move it to a selected track.

The track read routine reads the IMSAI 8080 front

panel sense switches for the desired track. Error checking

is performed to test if the selected track number is

greater than 76, the last track. If the selected number

is greater than 76, the front panel sense lites oscillate

and no reading is performed.

If the track number is valid, a seek to that track

is performed. The read/write head is then loaded so full

track reading can begin on the next index marker. The

entire track is read, but the data is not saved. The

track is repeatedly read until a new track is selected by

the operator.

This continous reading can be very valuable when
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trouble shooting or aligning the disk head or read/write

circuitry as outlined in the Pertec disk drive manual.

9.3 Operation

Upon entering the program, the routine will

request that a scratch disk be mounted. The scratch

disk does not need to be formatted for this routine.

After a scratch disk is loaded, the desired track should

be set in the sense switches a. then type a 'Y' on the

console to begin. The drive will then perform a seek to

that track and begin reading.

The track number may be changed at anytime and

the sequence will begin on the new track. A convenient

way to stop the reading at any time is to raise the left

most sense switch which halts the read operations by forc-

ing a large track number.

Some drive error asks the operator whether to

abort or continue after the error.

The track read routine is stored in programmable

memory on the diagnostic board. The read routine can

be run under the diagnostic operating system test con-

troller, or it can be started from the IMSAI 8080 front

panel at a starting address of 'CE40'.

The read routine is also stored on floppy disk

and it can be invoked by the CPM operating system under

file name 'RDTRK.COM'.
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DISC TEST FULL TRACK READ; SELECT TRACK IN SENSE SWITCHES
; DISC VERSION
; BRIAN DONLAN

JUNE 79

ORG 0100H

ENTRYA: JMP STARTA
ENTRYB: LXI H,080H

SPHL ;SET STACK
DI
CALL INITA ;RESET SIO

STARTA: LXI H,MSG1B
READT: CALL PMSG

CALL CONIN ;READ KEYBOARD
C P I y '
LXI H,MSG2A
JNZ READT
CALL HOME

STARTB: ORA A ;SET FLAGS
JNZ STARTA ;ERROR START OVERLXI H,STARTB ;SUBROUTINE RETURN
PUSH H

STARTC: IN OFFH ;READ SENSE SWITCHES
CPI 77 ;PREVENT TRACK OVER-DRIVEJNC ERRA

SEEKA: CALL SEEK ;MOVE HEAD TO TRACK
MVI A,OESH ;READ TRACK COMMAND
OUT oCOM

RDLP: IN WAIT
ORA A
JP RDONE
IN DDATA
JMP RDLP

ERRA: MVI B,OFOH
ERRLP: MOV A,B

CMA
OUT OFFH
LXI D,OIH
LXI H,OOOH ;DELAY LOOPERRLPB: DAD D
JNC ERRLPB
MOV B,A
IN OFFH ;SEE IF SWITCHES FIXED
CPI 77
JNC ERRLP

DELAY: LXI H,O
LXI D,O1HDELP: DAD D
JNC DELP

DELAYA- LXI H,O
LXI DO1HDELPA: DAD D
JNC DELPA
JmP STARTC
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ROONE: iN DSTAT ;READ STATUS
ANI 9DH
MOV D,A
RZ
Lxr H,gDmSG ;PRINT 'READ'
imp ERMSG

MSG1B: DS ODH,OAH,OAH,'DISK TRACK READ ROUTINE'
Os ODH,OAH, 'LOAD SCRATCH DISK TYPE Y WHEN READY ',O

MSG2A: DB OOH,OAH, '?? ',O

LPCNT: DS I ;SPACE FOR LOOP COUNTER
BADBT: DS I ;SPACE FOR BAD BYTE
BOIRK: D.S I ;SPACE FOR DISK READ TRK WHEN ERR
MSGI: 08 ODH,OAH,'DISK TEST NO. 1 FORMATTED TEST ',D
MSGIA: DB ODH,OAH,'LOAD SCRATCH DISK TYPE Y WHEN READY',O
MSG2 D8 ODH,OAH,' END OF PASS ',O
MSG3-: DB ODH,OAH4,'DATA ERROR ON DISK CHECK ERROR COUNT IN HEX ',O
MSGha: DB ODH,DAN, ' TRACK NO. SECTOR NO. TEST BYTE LAST ERROR',ODh
MSG5: DB ODH,OAH,'HEAD POSITION ',O
MSG6- OB ODH,OAH,'DISK TRACK CONTROLLER TRACK SECTOR ',ODH,OAHl,O
MS07: DB ODH,OAH,ODH,OAHi,' 11 EXECUTION STOPPED If ',0
MSG8: DB ODH,DAH,'TYPE R TO RETRY, C TO CONTINUE, ANYTHING ELSE STOP ',0

uSTAT EQU 3 ;CONSOLE STATUS PORT.
CCOM EQU 3 ;CONSOLE COMMAND PORT.
CDATA EQU 2 ;CONSDLE DATA PORT.
CKBR EQU 000000108 ;KEYBOARD READY BIT.
CPTR EQU 00000001B ;PRINT READY BIT.
CNULL EQU I ;CONSOLE NULL COUNT.
DISK EQU OF8H ;DISK BASE ADDRESS.
OCOM EQU DISK ;DISK COMMAND PORT.
osrAT EQU DISK ;DISK STATUS PORT.
TRACK EQJ DISK.I ;DISK TRACK PORT,
SECTP EQU DISK.2 ;DISYK SECTOR PORT.
DATA EQU DISK+3 ;DISK DATA PORT.
WAIT EQU DISK+4 ;DISK WAIT PORT.
OCONT EQU DISK+4 ;DISK CONTROL PORT.

IRK: DS 1 ;ADDRESS FOR TRACK
SECT, 0s I ;ADDRESS FOR SECTOR

READ A CHARACTER FROM CONSOLE.

CIN:~r' IN CSTAT ;READ CONSOLE STATUS.
ANI CKBR ;IF NOT READY,

J2 CONIN ;READY WHEN HIGH.
IN COATA ;READ A CHARACTER.

OUT CDATA
ANT ?FH ;MAKE MOST SIG. BIT - 0.
RET

*WRITE A CHARACTER TO THE CONSOLE DEVICE.

CONOT: MIII A,ODN ;IF IT'S A CR,
CMP C ;THEIJ MOP OUT
JZ CONUL ;TO NULL ROUTINE.

CONOTI: IN CSTAT ;RLAD CONSOLE STATUS.
AN! CPTR ;IF Nor READY,
JZ CONOTI ;READY WHEN HIGH.
NOV AC ;GET CHARACTER.
OUT CDATA ;PRINT It.
PET ;RETURN.

CONUL: PUSH B ;SAVE B&C.
MVI B,CNULL ;GFT NULL COUNT.

CONJLi: CALL CONOT1 ;PRINT CR.
MviI CO ;GET NULL CHAR.
DCR 8 ;DECREMENT COUNTER.
JNZ CONULI ;00 NEXT NULL.
POP a ;RESTORE B&C.
NOV A,C ;RESTORE A.
NET ;REITURN.



M MOVE DISK To TRACK 7ERO.

HOME: MVI A,DOH ;CLEAR ANY ?)PI':-! MA O.OUT DZOMC !AAND

XRA A ;ZERO ACC
STA IRK ;SrORE TRACKHOMEI: IN DSTAr ;REAC DISK STArUs.RRC ;LOOK AT LSB.
JC HOMEI ;WAIT FOR NOT BUSy.MVI A,3 ;20 MS STEP RATE.OUT DOCOM ;ISSUE HOME COMMAND.IN WAIT ;WAIT FOR INTRQ.ORA A ;SET FLAGS.
JM HERR ;ERROR IF DQ.IN OSTAT ;READ DISK STATUS.NOV 4,A ;SAVE IN REGISTER D.
ANT A ;LOOK AT BIT 2.JZ HERR ;ERROR IF NOT TRK 0.
40V AD ;GET STATUS BACK.ANI 91H ;MASK NcN-ERROR BITS.RZ ;RETURN IF NO ERROR.HERR: LXI H,HEMSG ;PRINT "HOME ".
MOV A,D ;MASK NON-ERROR BITS.
ANI 91H
MOV D,A
JMP ERMSG ;DO COMMON ERROR MSGS.

ERMSG: CALL PMSG ;PRINT ORIGIN MESSAGE.

; COMMON ERROR PRINT OUT

ERMSGI: MOV A,D ;GET ERROR BITS.
ANT 80H ;IF BIT I HIGH,LXI H,NRMSG ;"NOT READY".
CNZ PMSG
MOV A,D ;GET ERROR BiTs.ANI 1OH ;IF BIT J IS HIGH,LXI H,RNMSG ;PRINT "RECORD NOT FOUND
CNZ PMSG
MOV A,D ;GET ERROR BITS.
ANT 8H ;IF BIT 3 iS HIGH,
LXI H,CRCMSG ;PRINT "CRC ERROR-.
CNZ PMSG
MOV AD ;GET ERROR BITS.
ANT 4H ;IF 81T 2 IS HIGH,LXI H,LDMSG ;PRINT "LOST DATA".
CNZ PMSG
MOV A,D ;GET ERROR BITS.ANT 1 ;IF BIT 1 IS HIGH,LXI H,BSYMSG ;PRINT "BUSY"

CNZ PMSG
PERKSG: LXI H,ERRMSG ;PRINT "ERROR."

CALL PMSG
MOV A,D ;MOVE FLAGS TO ACCANI 18" ;CRC OR RECORD NOT FOUNDJZ RETRY

TRKCHK: MVI A,OCRH
OUT DCOM ;READ ADDRESS
IN WAIT
IN DDATA ;TRACK ADDRESSSTA BDTRKCHKS2 IN WAIT ;DUMP REST OF DATA
.M CHKS2
LXI HMSG5 ;HEAD ERROR MESSAGE
CALL PMSG
LXI H,MSG6 ;HEADINGS
CALL PMSG
MVI D,05H
CALL BLN ;SPACE OVERLDA BDTRK ;DISK TRK
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NOV DA

CALL BINHA ;PRINT TRK
MVI D15H
CALL BLNK ;SPACE OVER
IN TRACK
MOV D,A
CALL BINHA ;PRINT TRK
MVI D,13H
CALL BLNK
LDA SECT ;SECTOR
MOV DA
CALL BINHA ;PRINT SECTO NO.RETRY; IN CDATA ;CLEAR KEYBCARD
IN OFFH ;READ SEN SE SWITCHES
ANI 080H ;SWITCH 0
JNZ CONT
LXI HMSG8
CALL PMSG ;REQdEST INPUT
CALL CONIN ;READ KEYS
C?1 'R, ;CHECK FOR R
JZ FIX
CPI C' ;CHECK FOR C
Jz CONT
HLT

FIX: MVI A,O1 ;SET REPETE FLAG
CALL CRLF
CALL CRLF
RET

CONT: CALL CRLF
CALL CRLF
RET

WDONE: IN DSTAT ;READ DISK STATUS.
ANI OFDH ;LOOK AT THESE BITS.NOV D,A ;SAVE STATUS BITSPROCER: RZ ;RETURN IF NO ERR.

WERRO: LXI H,WTMSG ;PRINT "WRITE -

CALL PMSG
MOV AD ;GET ERROR BITS.
ANI 40H ;LOOK AT BIT 6.
LXI H,WPMSG ;PRINT "PROTECT ".

CNZ PMSG
MOV AD ;GET ERROR BITS.
ANI 20H ;LOOK AT BIT 5.
LXI H,WFMSG ;PRINT "FAULT .
CNZ ?MSG
JMP ERMSG1 ;DO COMMCN MESSAGES.

MOVE THE HEAD TO THE TRACK IN REGISTER A,

SEEK: OUT DDATA ;TRACK TO DATA REGISTER.
BUSY: IN oSTAT ;READ DISK STATUS.

RRC ;LOOK AT BIT 0.
JC BUSY ;WAIT TILL NOT BUSY.MVI A,12H ;SET FOR 10 MS STEP.
OUT DCOM ;ISSUE SEEK COMMAND.
IN WAIT ;WAIT FOR INTRQ.
IN DSTAT ;READ STATUS.
ANI 91H ;LOOK AT BITS.
MOV D,A ; SAVE STATUS
RZ ;RETURN IF NO ERROR
LXI H,SKMSG ;PRINT "SEEK ".
JMP ERMSG ;DO COMMON ERR MESSAGES.

PRINT THE MESSAGE AT H&L UNTIL A ZERO.
PMSG: NOV A,M ;GET A CHARACTER.

ORA A ;IF IT'S ZERO,
RZ ;RETURN.NOV CA ;OTHERWISE,
CALL CONOT ;PRINT IT.
INX H ;INCREMENT H&L,
JMP PMSG ;AND GET ANOTHER.
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CIOS MESSAGES
PENT EQU O0O0H ;MONITOR ENTRY

NRMSG: DB 'NOT READY ',0
RNMSG: DR 'RECORD NOT FOUND ',0
CRCISG: DB 'CRC ',0
LDMSG: DB 'LOST DATA ',0
BSYMSG: D8 'BUSY ',0
WPMSG: DB 'PROTECT ',0
WFMSG: DB 'FAULT ',0
ERRMSG: DB 'FRROR.',O
RDMSG: DB OOH,OAH,'READ ',0
WThSG: DB ODH,OAH, WRITE ',0
SKMSG: DB ODH,OAH,'SEEK ',0
HEMSG: DB ODH,OAH,'HOME ',0
MNTMSG: DB ODH,OAH,'MOJNT ',0

BLNK: MVI C,20H ;PRINT BLANKS, f IN REG. D
LPI: CALL CONOTI

DCR D
JNZ LP1
RET

BINHA: MOV A,D
PAR
BAR
PAR
PAR
CALL BINI
MOV C,A
CALL COROT
MOV A,D
CALL SINI
MOV C,A
CALL CONOT
RET

OUTPUTS FOUR HEX DIGITS IN ASCII
ENTER WITH DATA IM REG PAIR E AND D

BINB: CALL BINHA
MOV D,E
CALL BINHA
RET

CONVERTS HEX TO ASCII
INPUT: A BITS HEX REG A
OUTPUT: 8 BIT ASSCII REG A

BIN1: ANI OFH
ADZ 30H
CPI 3AH
BC
ADZ 0TH

RET
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* N:7IArE S70 PORTS

INITA: MVI A,OAAH ;GEr DUMMY MODE WORDouT CSTAT ;OOTPUT ITmYi A,'40H ;^OEr RESET BITouT CSrAT ;RESET SIO BOARDHVI A,OCEH ;GET REAL MODE WORDOUT CSTAr ;SET THE MODE FOR REALMYT A,37H ;GET 71HE COMMAND
OUT CSTAT ;OUTPUT Ir
RET

CRLF: MYi C,13 ;CR
CALL CONOT

LF: MV! C,1O ;LF
CALL CONori
M vi C,7FH
CALL CONOT1
CALL CONOT
RET
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Section 10

Unibus Port Test

10.1 General Description

The Unibus Port Test checks the S-100 to Unibus

adapter and the Unibus data and address lines.

10.2 Program Details

The Unibus is a wired-or bus and any device on

the bus can pull a data or address line low (logical 1).

When not in use all data and address lines should be high

(logical 0). The port test continuously reads the Unibus

and in a cyclic fashion, sets a line low and then verifies

that this and only this line is low (logical 1). The test

then proceeds to the next line and tests it until all data

and address lines are tested. The port test uses the Uni-

bus adapter to read and write to the Unibus lines, veri-

fying their operation. If an error is detected, the Uni-

bus adapter port number and the actual and expected bit

patterns are printed on the console. Figure 10.1 shows

the relationship between the IMSAI adapter port numbers

and Unibus data and address lines.

This test has proven particularly helpful in

locating problems arising due to misaligned cards in

the Unibus card cage where address and data lines become

shorted together.
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-0.3 Creraticn

The Unibus Fort Tes- is zf

quires no operator resronses once r . - -

checks all the data lines, reports any err-:

to the monitor automatically. There are nc_

sense switch inputs.

The Unbus Port test :s stored in ::cgra': le

memory on the diagnostic memory board. 7he prcgram can

be run under the diagnostic operating system test conto-

ller, or it can be started from the IMSA: 8"80 front

panel at a starting address of 'DO00' Hex.

The port test is also stored on floppy disk and

it can be invoked by the CPMI operating system under file

name 'UBPORT.COM'.
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U7nibus ?r
Signal

HI Address

A 16:09 A16 A15;A14;A13 A12Al A(

LO Address
A o8,ol [.A. 8  ,A. 7 iA , %.05 AC A 0 , .C2 A01!: )

A 08:01 A60 6O 1  A>cK

HI Data D2,01[; (:2)

15:08 D13 ID , D 12)

LO Data

D 07:00 DC D06D05D04:D03 D02 DClDCC (13)

Control 111]- sn(4):

Control 2 fn Grt (51
I- Req 16

Ssn = Slave Sync (input)
C1 = Read/ write (output)
Msn = Master sync (output)
Int Initiate (output)
Grt = Grant (input)
Req = Request unibus (output)

Fig 10.1 Unibus Adapter Ports
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CRG 10OH
UNIXUJS P'ORT TEST

DISC VCP.FS!CN 2L4 MA'! 79 S. DONLAN

XNTRY: LXI H,ENTRY
PUISH H

Lx! H,4SGI ;OPENING MESSAG-E
CALL PMSG

;BEG!NING F TEST
MV! A,01H
MV! ClOH ;GIjDRTS

PORllo: CuT IOHNES ETMOV B,A ;SAVE TEST PATTERN
IN 10H ;READ BUSS
CM? B ;COMPARE
CNZ ERR ;CALL IF IN ERROR
PLC
JNC PORT10 ;TEST FOR A COMPLETE CICLE

MV! A.OiH
MV! C,1lH ;PORT 11

PORT11: OUT 11K
MOY B,A ;SAVE PATTERN
IN 11H ;READ BUSS'
CMP B ;C OMPARE
CNZ ERR ;CALL IF ERROR
PLC
JNC PORT11

MV! A,OlH
MV! C,12H ;PORT12

PORT12: OUT 12H
MCV B,A ;SAVE TEST PATERN
IN 12H
CM? B
cNqZ ERR
RLC
JNC PORT12

mv! A,OlH
mv! C,13H

PORT13: OUT 13H
mov B,A
IN 13H
CMP B
CNZ ERR
R LC
JNC PORT13

LXI HMSGR ;FINISHED MESSAGE
CALL PMSc
imp RENT ;RETURN TO MONITOR



A

AfL B'IHA ; I7TS

POPV ABA ~r?~:ALL Bills !NPP Et AZE?
P^1 P ; E 7'Z
0V A ,8;G7

37C A37'V T ?Arr-P-N 70 A

SA D8 OAH CAH, )N, '.jNTBjS PSP7 tESr',C
' -_ B AH 'AHH ? NO.

'vGc' D8 CAMl COH, .WST PATTERN o0
5' OB CAP. OCI,'AZTUAL PATTERN .0ISO DB CAH, AH, CZH, E.' DF S

R:--N 7 E CU- OCCOH ;YM)N:TOP ENTRY

for brian donlar. 26 feo 79

AT EQU 3 ;CON3OLE STATUS POP.
CM ECU 3 ;CC'NSOLE CSMM'ANZ, PORT.

-A 7A ---Q U 2 ;CONSSLE CAYA PORT.
(KBR EQU 000000*OICB ;K-EYB-AR3 READY BIT.P"R E CU O0000COC3 ;PF:N: READY BIT.

LL EQU 1 ;CONSOLE NULL COUNT.

WR:TE A CHARAUTIER TO 7HE C04SOLE DEVICE.
CONOT: MYS AODH ;IF IT'Z A CR,

CMP C TMEN Hop OUT
JZ CONUL TO' NULL RoUi NE.CCNOT1: IN CS7A- ;EAD CONS3LE STATUS.
kNT CPTP ;IF NO-T READY,
jz ONOTI ;READY WHEN HIGH.
MOV A,C ;GET CHARACTER.
OUT CDATA ;PRINT IT.
RET ;RETURN.

CONUL: PUSH B ;SAVE B&C.
MVI B,CNULL ;GET NULL COUNT.

CGNULl: CALL CONOT1 ;PRIN7 CR.
MVI CO ;GET NULL CHAR.
DCR 8 ;DECREMENT COUNTER.
JNZ CONUI.1 ;DO NEXT NULL.
POP B ;RES7oRE 94C.
NOV A,C ;RESTORE A.
REr ;RETURN.



* ~ ~~~ IFu: L ~I

?-.s-: cv A44 ; 2- HAR
ORA A ;Is IT A ZERO
RZ
MOV C,A ;OrHERWdISE PRINT
CALL CONOT
IX . ;INC ADDRESSS

?RN 3I 2-17 4 :NS14 :N APY F-CRwAT
INP,7: ZAIA IN REG A

BZZS: hqCV B,A DATA
mvi ABOH MASK

Z Vzp: MYI C,30H
MDov --,A STORE MASK
ANA B AND WITH M4ASK
jO PWN JUMp IF ZERO
MVI C,31H

?RS-: CALL CONOT
ANA B ZERO CARRY
MOV A,E LOAD MASK
RAR
JNc OVER
RE'

OUTPUTS 2 HEX DIGITS IN ASCCII
FROM REGD0

BINHA: MOV AO
RAR
RAP
RAR
RAN
CALL Simi
MOY C,A
CALL CONOT
MOV A,D
CALL BINI
mov C,A
CALL CONOT
NET

CONVIERTS HEX TO ASCII
INPUT: 14 BITS HEX REG A
OUTPUT: 8 BIT ASSOTI REG A

BINI: ANI 0FH
AD! 30H
CPI 3AH
NC
AD! 07H
NET



Sect.on I!

nis CommunI-aton T est

11.1 Gererai Descri;tion

The Unibus Communication Test is one of the most

versatile tests "toritten for this system. This test allws

an ozerator to transfer a data word either to or from -:he

console and any device on the 'Unibus. Error checking

is accomplished to monitor the transfer and report any

bus errors.

11.2 Prcgram Details

The Unibus Communication Test is completely

interactive with the operator responding to the computer

requests for data. The test program first requests the

transfer mode. There are three valid responses to this

request:

I- Input, transfer from Unibus device to console

Control C-exit

C-Output, transfer users data word to Unibus device.

If the output mode is selected, the user is

next prompted for the 4 Hex digit data word to be trans-

fered. Error checking is performed on the bus status and

operation, but not on the transfered data. A timer is

incorporated in the transfer program which will time-out

and report on errors if the selected device has made no

response after approximately 10 milliseconds. Errors such

as bus busy and bus mastership conflicts are also reported
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error messages.

11.3 Theration

Since the Unibus Communication Test is interac-

tive, the operator need only respond to the computer's

request. All data and address wcrds are L hex digits lng

with no carriage return ,used.

The communication test is stored in the procgram-

mable memory on the diagnostic memory board. The prcgram

can be run under the diagnostic operating system controller,

or it can be started directly from the IMSAI 8080 front

panel at a starting address of 'DICO' Hex.

The communication test is also stored on floppy

disk and it can be invoked by the CPM operating system un-

der file name 'UBCOKY-.COM'.



Unibus DeviceAddress

FE00 AP-120B Formatter
FE20 AP-120B Word Count
FE21 AP-120B Host Memory Address
FE22 AP-120B DMA Control
FE23 AP-12CB AP i,*emory Address
FE24 AP-120B Panel Switches
FE25 AP-120B Panel Functions
FE26 AP-120B Panel Lites
FE27 AP-120B Reset
FFE8 Filter Control Register
F800 Front Panel
F801 Front Panel
F802 Front Panel
0003 Data Acquisition Module
2102-21FF Display Memory

Table 11.1

Unibus Addresses
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0:3C V.ERSN 2; M Ay 79 P, ONLAN

FN7?Y3: LXI H, ENT.RY3
PJSH H
Lx, ,SG5 ;^OPE.4N:N !AZESSAGE
-.A. Is P SG
CALL 88i.4 ;GE' HEX C-HAR
PUSH4 0 ;SAVE- AZ?-ESS
LXI H,MS.G6 ;PZLOjzSr MODE
CALL PMSG

7Y~ -ALL CI'SIN

iz PUI I ;JUMP IF IN4PUT MACCDE
'Pi ;3HTEST IF CONTROL C
Jz RENT ;RETURN TO MONiTOR
CPI '0'
JNZ ET

OU7PJT MODE

PUTOUT: LXI H,MSGII ;OUTPJT MESSAGE
CALL ?MSG
CALL BBIN ;QET DIGITS To OU;TPUT
POP a ;REST:ORE ADDRESS TO RLG 8 & C
CALL DATAC UJNIBJSS DRIVER
imp DONE

PJ77N: LXI H,MSG9 ;INPUT MESAGE
CALL PMSG
POP 8 ;RESTORE ADDRESS TO B & C
CALL DATA: ;JNIBUS INPUT ROUTINE
CALL 8:114 ;PRINT DATA FROM BUSS
imp DONE

DONE: LXI H,MSG1O
CALL PMSG ;PRINT END OF TEST
imp ENTRY3

'.JEST: LXI H,MSG7
C:ALL PMSG ;?
imp TRYGN

MSG5- 06 oAH,O&H,oDH,'umrBus COMMUNICATION TEST'
DS OAH,ODH. 'ENTER JNIBUS ADDRESS '"D

MSc6: Ds OAH,ODH,'INPJT (1), OUTPUT (0), EXIT (CONTROL C) ?' ,0
MS.": 06 OAH,ODH,' ?',O
MSGTI: 08 OAM,ODH.'ENTER DATA TO OUTPUT IN 4 HEX DIGITS .,o
MSG9: OS OAH,0DH,' DATA FROM BUS .,O
MSGIO OS OAHOON,'TRANSFER COMPLETE',O

~~Now



:SA r F-.U 3 ; NICLE .7>is PORT.

:A"A ElO 2 ;-CNO -LE :A"A PRT.
KBR EO J OOO OOB ; C. AA RA Y ri.

cPIR EOU 0COO.:O' ;0R:Vr R;AZY 3r.
'NJLL EQU I ;CONSCLE N LL COUNt.

CHECK CONSOLE ZNP2J STATUS.

COS:: IN CSTAr ;;EAD CONSOLE S3AS;S.
AN: C K3R ;LOOK AT KS REACY '3 .
MV: A,O ;SET AzO 'OR RETJ"N.

RZ ;NOT REAZY WHEN ZERO,
CMA ;IF READY A=FF.

RET ;RENJRN FROM CCNST.

REA: A CHARACTER FROM CONSOLE.

"ONIN: IN CSTAT ,READ CONSOLE STATUS.
ANT CKBR ;IF NOT READY,

JZ CONIN ;READY WHEN HIGH.
CrATA ;READ A CHARACTER.

OUT CDATA
ANT 7FH ;MAKE MOST SIC. IT O.
RET

WRITE A CHARACTER TO THE CONSOLE DEVICE.

coNOr: MV! A,ODH ;IF IT'S A CR,
CMP C ;THEN HOP OUT

JZ CONUL ;TO NULL ROUTINE.
CONOTI: :N CSTAT ;READ CONSOLE STATUS.

ANT CPTR ;IF NOT READY,
JZ CONOTi ;READY WHEN HIGH.
MOV A,C ;GET CHARACTER.
OUT CDATA ;PRINT IT.
RET ;RETURN.

CONUL: PJSH B ;SAVE B&C.
MVI B,CNULL ;GET NULL COUNT.

CONJLI: CALL CONOTI ;PRINT OR.

MVI C,O ;GET NULL CHAR.
OCR a ;DECREMENT COUNTER.
JNZ CONULl ;DO NEXT NULL.
POP B ;RESTORE B&C.
MOV AC ;RESTORE A.
RET ;RETURN.

; PRINT MESSAGE UNTIL ZERO
MESSAGE ADDRESS REG H & L

PMSG: MOV A,M ;GET CHAR

ORA A ;IS IT A ZERO
RZ
MOV C,A ;OTHERWISE PRINT
CALL CONOT
INX H ;INC ADDRESSS

JMP PMSG

ac



~ NA
A;d A AA;

OVER: V:I A 8o DACA~t ,3H MASK ~.
A VA A 7N-: "S

CA CAL

ANANK ccN PE.

.,.N C LCAD MAS

SIMMA: Mv A

CALL C .2
DR CONOr l

REr O~

RomS CALL ACC-

3 MA v ID

CALL 
iyMoNM

CALLUT 8 CI L

RRr oo



BB:N: >1" ]q:

PA

A N
A A

A'sV - A

]ALL :;'N:N

ALL AHSi
PAL
PAL
PAL
PAL
ANC4 ^F^H
M'V £,A
CALL 224CM

CALL AHSI
AN: OFH
3PA E
R4S EA
PET

; NVEP 7 ASc: %C wEX
; NPJC; 8 BIT ASCII REG A
oJ:PJ: a BIT HEX REG A

AHSI: NOP

52I 30H
CPI OAH
RC
Sui 07H
RET

IN:TIATE SIO PORTS

INITA: MVI A,OAAH ;QET DUMMY MODE WORD

OUT CSTAT ;OUTPUT IT
MVI A,AOH ;GET RESET BIT
OUT CSTAT ;RESET SIO BOARD
MVI A,OCEH ;GET REAL MODE WORD
CUT CSTAT ;SET THE MODE FOR REAL
MVI A,37H ;GET THE COMMAND
OUT CSTAT ;OUTPUT IT
RET

CRLF: MVI C,13 ;CR

CALL CONOT
IF: MVI C,I0 ;LF

CALL CONOTI
MVI C,TFH
CALL CONOTI
CALL CONOT

RET

2



-ALL r-,T
sJB A

CA AO: CALL rO-TBUIS
CALL DAZO
SUB A

RE C

AA W.'?L BE C;ZAL D4AO0 :~:b C O<37:OO0>

DANI: MYT A,OFF.H ;SEL LOOP COUNT
STA BIzCN4T

13TZLP: fl IN ,H ;CFE:K FOR SYS
AMI OH ;FROOq LAS" TRANSACTION
JqZ BaUsyI

mo'J A,B ;0U7PJ', fflK ADDRESS

40V A,ZC ;OULJL LOW ADDREIS
OUT 7 11
SUB A ;OUTPUT Cl~
oil. 14H
OPTi 0*.N ;OUTPJT 4'SYN~l
OUT i1ii

S YNL P I V,. A,OFFH ;LOOP coU;Nt
STA SY4--T

LOOP: IN IIM;CHECKS ZF SSYN~l
OUT OFFH
ANT 04FH

jz NOSYNI

IN 12H ;14PJT HIGHI DATA
mov 12,A
IN I 3jm ;INPUT LOW DALA
mov E,A

SUB A
CUT 14'4 ;CLEARS MSYN
OUT 10H ;AND EVERYrMLNC
OUT 11H ;PUT OJT ra BUS
OUT 12H
car 13H
IN OFF
ANt oeBON
JNZ DALI ;LOOP IF SENSZE SUTTON UP
RE7



A A 3;22 : ::

C I IAIl

M o A Z) :-jt :Ai

M '4 A ;0~ LOW :A 7A

mv: A ,03H 0;P J 7 S N

S 4L '2 W'IT A OF F
SA SycN
CCLCO: 1 4 4 f :EZK5 FGR SSYN

A.41 C4,61 ;70 GET A-zSE37EZ
iz NOS 'N42

s J3 A
oJ 1;OCL EA RS MSYN A4:) 1-

Oj'* '21 7H-7 T C Bus

IN OF E4 RAD S --N 3E Sw 7 c

DA70 ;Loop 7F Up

's~3 AV A,OF --!
S7A GETZNT

LOOCP: IN 15H
A41 C IH
JZ NOGET

r N-L>L :'4 3u D:A3NOS-,tCS
3t 314:AN DONLAN 214 APR 79

BB3!': L:A BIZC'4T ;LOOP COUN7
OCR A
STA B:ZCNT ;'4EW COUNT
jNZ BIZLP1 ;JUMP IF STlILL C06NT
LX: I,ERMSG2
CA:L PMSr ;DISPLAY ERROR MESSAGE
imp ENTRY3

BBS!.2: LOA BIZCNT
DC R A
STA 811z:NT
UNz BIZL-2
LXI H,ERMSG2
CALL PmrZO
imp ENTRY3)



.'4 A

A Au'

A'4

( 7 L A B? Av

3-

AN Z 4'

Jr" '-

^--z

AM LC 3 qAH orlZ
A?.314 0 RE SYS3
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n e.r~ c;a an eIo7::.

as ar~z can~ e ca Ie d y a~:'ny3sr fr ai.

sa~s s n d d a a n e s ncree a-as

naro ry, - .. c- S., syn: an _Lnae

12.3 :reratic-

~ras- o re ~re s rno -,rerat3 r resrsesr r.

:.t t r,-r and.~ i-,Dn complet' on of t'- 1- is- ir n, e:xe: .i~

iretir=ed to trem:r.itr or, -.roram I':m w-.:-e.

Snas o-s stored - -rc27a7a--7_~r-::

'o4-a-ostioc memory board. The prog-ram oab ~. .nder -e

diati-osti-c operating system test c.troc'-er, cr it can.

te r'- n f rm - t.e -LNS A: ECC f ro nt PanelI a t a .-- arin--
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of 'D500' Hex.

Snapshot is also stored on floppy disk and it

can be invoked by the CPM operating system under file name

ISNAPST.COM'.

Snapshot is also available as a subroutine which

can be called from user program. The PROM version subrou-

tine entry point is at 'D508' Hex.

87



; UNIBUS SNAP SHOT ROUTINE
ORG 100H

ENrRY4: LXI HFINIS
PISH H
DI
CALL INIrA ;RESET I/0

;SUBROUTINE ENTRY POINT
ENrRY5: LXI H,NSG12

CALL PMSG
IN IOH ;HIGH ADDRESSNOV D,A ;SAVE IN 0
IN 11H ;LOW ADDRESS
NOV E,A
CALL BINB ;PRINT UNIBUS ADDRESS
NV! D,BH ;SPACE OVER
CALL BLNK
IN 12H ;HIGH DATA
NOV D,A
IN 13H ;LOW DATA BITS
NOV E,A
CALL BINB ;PRINT UNIBUS DATA BITSNVI D,8H ;SPACE OVER
CALL BLNK

IN 1iH ;STATUS PORTANI 0JH ;FIND SLAVE SYNJZ NOSIS
NVI C,'1'JNP OUTSIS

NOSIS: NVI C ,O.
OUTSIs: CALL CONOT ;PRINT SLAVE SINmVi D,098 ;SPACE OVER

CALL BLNK

IN 15H ;STATUs PORT
ANI 01H ;BUS GRANT
JZ NOBUS
1VT C,1'.
JNP OUTBUS

NOBUS: NVi C,'O
OUTBUS: CALL CONOT ;PRINT BUS GRANTNVi DfOBH ;SPACE OVER

CALL 8LNK

IN 14H
ANI OOJZ NONSYN
NVI C,.I.

JP OUTNSN
NONSYN: VI C,'0'OUTMSN: CALL CONOT ;PRINT NSYN

RET
FINIS: JMP FINIS

NSG12: DB OANOAHODH,,UNIBUS SNAP-SROTDB OAH,ODH,'ADDRESS DATA SSYN GRANT NSYN'DB OAf,ODH,, ',G
for brian donlan 26 fob 79

CSTAT EQU 3 ;CONSOLE STATUS PORT.CCOl EQU 3 ;CONSOLE CONNAND PORT.CDATA QU 2 ;CONSOLE DATA PORT.CKBR EOU 000000101 ;KETBOARD READY BIT.CPTR EQU 000000013 ;PRINT READY BIT.CXULL EQU I ;CONSOLE NULL COUNT.
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; CHECK CONSOLE INPUT STATUS.

CONST: IN CSTAT ;READ CONSOLE STATUS.
ANI CKBR ;LOOK AT KB READY BIT.
MVI AO ;SET A=O FOR RETURN.
RZ ;NOT READY WHEN ZERO.
CMA ;IF READY A:FF.
RET ;RETURN FROM CONST.

; READ A CHARACTER FROM CONSOLE.

CONIN: IN CSTAT ;READ CONSOLE STATUS.
ANI CKBR ;IF NOT READY,

JZ CONIN ;READY WHEN HIGH.
IN CDATA ;READ A CHARACTER.

OUT CDATA
ANI 7FH ;MAKE MOST SIG. BIT : 0.
RET

WRITE A CHARACTER TO THE CONSOLE DEVICE.

CONOT: MVI A,ODH ;IF IT'S A CR,
CMP C ;THEN HOP OUT
JZ CONUL ;TO NULL ROUTINE.

CONOTI: IN CSTAT ;READ CONSOLE STATUS.
ANI CPTR ;IF NOT READY,
JZ CONOTI ;READY WHEN HIGH.
MOV A,C ;GET CHARACTER.
OUT CDATA ;PRINT IT.
RET ;RETURN.

CONUL: PUSH B ;SAVE B&C.
MVI B,CNULL ;GET NULL COUNT.

CONULI: CALL CONOT1 ;PRINT CR.
MVI CO ;GET NULL CHAR.
DCR a ;DECREMENT COUNTER.
JNZ CONULl ;DO NEXT NULL.
POP B ;RESTORE B&C.
MOV A,C ;RESTORE A.
RET ;RETURN.

; PRINT MESSAGE UNTIL ZERO
; MESSAGE ADDRESS REG H & L

PMSG: Mov A,N ;GET CHAR
ORA A ;IS IT A ZERO
RZ
NOV CA ;OTHERWISE PRINT
CALL CONOT
INX H ;INC ADDRESSS
JNP PNSG

*::::::::::::::::::*::

; PRINT BIT WORD IN BINARY FORMAT
; INPUT: DATA IN REG A

BITS: NOV B,A ; DATA
mV' ASON ; MASK

OVER: NVI C,3OH
NOV E.A ; STORE MASK
ANA a ; AND WITH MASK
JZ PANT JUMP IF ZERO
NV! C,31N
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PRNT: CALL CONOT
ANA B ; ZERO CARRY
NOV A,E ; LOAD MASK
PAR
JNC OVER
PET

BLNK: "VI C,20H ;PRINT BLANKS, * IN REG. D
LP31: CALL CONOTI

DCR D
JNZ LP31
RET

; OUTPUTS 2 HEX DIGITS IN ASCCII
FROM REG D

BINHA: NOV A,D
BAR
RAR
BAR
RAR
CALL BIN1
NOV C,A
CALL CONOT
NOV A,D
CALL BIN1
NOV C,A
CALL CONOT
NET

OUTPUTS FOUR HEX DIGITS IN ASCII
* ENTER WITH DATA IN REG PAIR E AND D

BINB: CALL BINHA
NOV D,E
CALL BINHA
NET

CONVERTS HEX TO ASCII
INPUT: 4 BITS HEX REG A
OUTPUT: 8 BIT ASSCII REG A

RIN1: AN! OFH
ADI 30H
CPI 3AH
AC
ADI 0TH
RET

INPUTS 4 DIGITS FROM CONSOLE
RETURN; 4 HEX DIGITS IN REG E-D

iBI: CALL CONIN
CALL AS31
NAL
NAL
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RAL
RAL
ANI OFOH
mOV D,A
CALL CONIN
CALL AHS1
ANI OFH
ORA D
NOV D,A
CALL CONIN
CALL AHS1
RAL
RAL
RAL
RAL
ANI OFOH
MOV E,A
CALL CONIN
CALL ANS1
AN! OFH
ORA E
NOV E,A
RET

CONVERT ASCII TO HEX
INPUT; 8 BIT ASCII REG A
OUTPUT: 4 BIT HEX REG A

AH1: NOP
SUl 30H
CPI OAH
RC
SUl 07H
RET

INITIATE SIO PORTS

INITA: MVI A,OAAH ;GET DUMMY MODE WORD
OUT CSTAT ;OUTPUT IT

MV! A.tOH ;GET RESET BIT
OUT CSTAT ;RESET SID BOARD
NVI A,OCEH ;GET REAL MODE WORDOUT CSTAT ;SET THE NODE FOR REAL
mV! A,37H ;GET THE COMMAND
OUT CSTAT ;OUTPUT IT
RET

CRLF: NV! C,13 ;Cb
CALL CONOT

1F: mVi C,10 ;LF
CALL CONOTI
NV! CTFH
CALL CONOTI
CALL CONOT
RET
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Secton 13

Diagnostic Memory Board

13.1 General Description

In order to have all diagnostic programs avail-

able for execution even in the event of a disk failure, all

diagnostic programs were placed in programmable read-only

memories. A small operating system was also included

in the prom memory. This enabled all programs to be resi-

dent and not require any disk loading before execution.

A 16K byte read-only memory board was added to the IMSAI 8080

computer system to hold these programs.

13.2 Detailed Description

The memory board decided upon was in a kit man-

ufactured by SSM Microcomuter products. This board has

a capacity of 16K bytes of memory stored in Intel 2708

memory chips. The memory board can be assigned to any

16K memory block area but for this application it was

placed at the very top of the memory address range. The

board was set to occupy from 'C00' to 'FFFF' hex. Presently.

only 10K of the possible 16K is used for diagnostics, leav-

ing the remainder for future expansion.

The memory board is S-l00 Bus compatable and re-

ceives all its power from the Bus.
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'CO00' Memory Test

'C290' Mini Memory test 0 to 100 Hex version

'C800' Formatted Disc test

'CD80' Disc Full track write routine

ICE4o' Disc Full track write routine

'DOOO' Unibus Port test

'D100' Unibus Communication test

'D500' Unibus Snap Shot routine

'D600' Mini-Memory test 8K version

'D700' Mini-Memory test 24K version

'FOO' Operating system

'F800' Help program

'FDOO' test controller

'EOOO' Color graphic test (future options)

table 13.1 Memory map
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Section 14

Conclusion

This report has described the design and de-

velopment of a diagnostic system for a real-time spec-

tral analysis system.

The developed software has been verified and

tested. In fact, many of the tests were used by the

author and other members of the project team to keep

the system operational, enabling further development to

proceed. The diagnostic system also proved very helpful

in testing new hardware designs and components. For

example, hardware modifications were performed on the

color graphics display, giving it added capabilities.

During the development of a display test, the newly

written programs pointed out unknown degradations of the

original capabilities.

Since the research personnel working on and

with the spectral analysis system is always changing,

every effort was made to make the testSeasy to run and

error notifications self-explanatory. This is unfortunate

since the tests contain a wealth of information about the

system state and a more experienced user can interpret

this information.

The structure of the diagnostic system is such

that many of the functions are performed using sub-

routines. These subroutines can be used by any program



and could be of great use in the future for I/0 functions

on on-line continuous verification.

Unfortunately, as of this writing, no further

funding or development effort is programmed of the

system. With the exception of the memory diagnostics.

all the tests are very specific and will be of little

value for use in a general purpose microcomputer system.

The diagnostic system was designed with ex-

pansion in mind. The programmable memory board con-

tains roor-i for many more tests and the test directory

can easily be expanded.
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APPENDIX A

MEMORY BOARD DIAGRAMS
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F+ B8A 1 TO 1IG.1 EPROLI BOARD

MSS jijJ4 TO C 1

-~-~-~-~.A ,.,

.-.. . . . a

• -,+ ..... ,.+.. _.. _+____-____ .. _m__.,.+, ,.'

FEATURES:

SYSTEM COMPATIBILITY
S-lO0 bus computer systems.

MEMORY

Up to 16K bytes of 2708 EPROMs (not included)
Any unused EPROM socket will automatically disable the board for that 1K incre-
ment. For example, with 8 EPROMs it acts as an 8K board, taking up only 8K of
memory address space.

ADDRESSING
DIP switch selection of memory address assignment in 16K byte increments.
Magic Mapping TM allows any byte within ROM to be mixed with any similarly add-
ressed RAM board equipped with Phantom Disable.

VECTOR JUMP
Power-on/reset vector jump to any 256 byte increment; DIP switch addressable.

. Vector jump can be disabled.
* Vector jump requires other memory boards to be equipped with Phantom Disable.

OTHER FEATURES
. DIP switch selection of 0 to 8 wait state clock cycles, so fast or slow EPROMs

can be used.
. All lines buffered, Reverse voltage protection.
SHigh grade glass epoxy PC board with gold plated edge connector contacts.
• ow profile sockets provided for all Its.
Power requirements (less EPROMs) -- +8V @ 16OmA, +16V @ lOmA, -16V @ lOmA typical.

We used to be Solid State Music. We still make the blue boards. 98
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APPENDIX B

COMMONLY USED SUBROUTINES

1
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Commonly Used Subroutine

The following is a listing of some subroutines

which are commonly used in the diagnostic programs:

CONST 'C177'

Checks console status. Returns with zero in reg A

if not ready. Returns with 'FF' in reg A if ready.

CONIN IC180'

Reads a character from the console. The input

character is returned in reg A. The input character is

echoed on the console.

CONOT 'C18E'

Writes a character on the console device. The

character is output from reg C.

PMSG 'ClAE'

Prints a character string on the console device.

The address of the beginning of the string must be placed

in reg H and L. The string is printed until a null (00)

is encountered.

BITS 'CIE5'

Prints an 8 bit byte in binary format in the console

device. The data word is taken from reg A.

BLNK 'C1FB'

Prints the number of blanks found in reg D.
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BINB 'C21A'

Outputs four hex digits in ASCII on the console.

Enter with the data in reg E and D.

BINHA '0205'

Outputs two hex digits in ASCII on the console.

Enter with the data in reg D.

BIN1 'C222'

Converts hex to ASCII. Input with 4 bits in reg A

Outputs with 8 bit ASCII character in reg A.

BBIN 'C22C'

Inputs 4 hex digits from the console. Converts

the ASCII characters to hex. Returns with the 4 hex digits

in reg E and D.

AHS1 'C25B

Converts ASCII to Hex. Inputs with a 8bit ASCII

character in reg A. Returns with a 4 bit hex digit in reg A.

INITA '0264'

Initiates the SI0 port. No inputs or outputs.

CRLF 'C275'

Sends one Carriage return and one line feed to the

console.

LF 'C27A'

Sends one line feed to the console.
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DATI 'D312'

Inputs a 16 bit word from the Unibus. Reg B and C

needs the Unibus address and the data will be returned in

reg D and E.

DATO 'D351'

Outputs a 16 bit word to the Unibus. Reg B and C

needs the Unibus address and reg D and E needs the data.

GETBUS 'D391'

This routine gets the IMSAI master-ship of the

unibus.
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APPENDIX C

PROM PROGRAM LISTINGS
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MEMORY TEST
PROM VERSION 24 MAY 79 S. DONLAN

COOO ORG OCOOOH

0000 WO EQU 00 ;TEST BYTE

COO0 218000 ENTRYI: LXI H,080HC003 F9 SPHL
CO0 210CO ENTRY: LXI H,ENTRYC007 E5 PUSH HC008 3EOO MVI A,OOCOOA 320A00 STA CODE ;ZERO ACC
COOD CD64C2 CALL INITA ;RESET 1/0 PORTCOIO CD75C2 

CALL CRLFC013 2120C1 LXI H,MSG1C016 CDAECI CALL PMSGC019 212EC1 LXI H,MSG2COIC CDAECI CALL PMSGCOlt CD2CC2 CALL BBIN
C022 EB XCHGC023 220400 SHLD STARTC026 2149C1 LX1 H,MSG3C029 CDAEC1 CALL PMSGC02C CD2CC2 CALL BBINCO2F EB XCHG
C030 220600 SHLD ENADRC033 21B9C1 LXX H,MSG8C036 CDAEC1 CALL PMSGC039 DB02 IN CDATA ;RESET 10 FLAG

C033 OEOO BEGIN: MVI CWO ;LOAD TEST BYTEC03D 3E02 MTEST: MV! A,02 ;LOAD TEST BYTEC03F 320800 STA PARTC02 CD8ECO MTLOP: CALL STUFF ;STUFF MAJOR ALL OVERCO5 3E02 MV1 A,02 ;SET TWO AS MINORCOAT C098C0 CALL STUFM ;STUFF MINORCOAA 3E02 MVI A,02 ; SET 2 AGAINCORC COBOCO CALL CHECK ;NOW CHECK ALL LOCCOF 3A0800 PTCHK: LDA PART
C052 3D DCR AC053 320800 STA PART ;STORE NEW PARTC056 FEO0 CPI 00 ;FINISH THIS PASS 7COSS CA6ACO JZ RECYCLE ;YESCOSB 3E01 CONT: MVI A,01 ;NO CONTINUECOSD CD98CO CALL STUFM ;STUFF MINOR SERTC060 79 MOV A,C ;LOAD MAJOR BYTEC061 21 CA ;COMPLIMENT MAJOR BYTEC062 NP MOV CA ;SAVE NEW BYTEC063 AF XRA A ;ZERO OTHER TEST BYTEC06N CDBOCO CALL CHECKC06T C342CO iMP MTLOP

C06* RECYCLE:

C06A 79 NOV A,CC06B 320800 STA PART ;SAVE INVERT TB TEMPC07E 2152C1 LXI ,MSG4 ;END oF PAS MESSAGECOT1CDaEC1 CALL P14SGCO7 3AOAO LDA CODE ;CHAR CODEC077 FE03 CPI 03H ;CONTROL CC079 CA21FD JZ RENT ;RETURN TO MONITROCOTC C C ORA A ;SET FLAGSCO7D C20NC0 JuZ ENTRY ;START OVERC0GO A7 ANA A ;CLEAR CARRYCOal 3AO0 LDA PART ; RECOVER TEST BYTECO6 S7 OA ACOBS CA39Co JZ BEGIN
COSS 17 RALC089 21F CMACOSA 4F TO: NOv C,A ;NEW TEST BYTECOBB C33DCO JMP MTEST ; ANOTHER PAS
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F021 . RENT: EQJ OFO21H ;MONITOR ENrRy00O z START: EOU 04H ;LOC OF START ADOR0006 ENADR: EOJ 06H ;LOC OF END ADDR0008 * PART: LOU 08H ;LOC FOR PARTOOCA CODE: EOU OAH ;LOC FOR CODE

CO8E CDDECO STUFF: CALL STASTO ;LOAD START AND END ADDRCOOT 71 DOIT: NOV M,C ;STUFF MAJOR ALL OVERC092 CD06CI CALL HrLOX ;SEE IF ALL MEM DONEC095 C391C0 iMP DOIT ;NO KEPP ON STUFFING

C09 CCDECO STJFM: CALL STASTO ;LOAD ADDR AGAINCL19C 7E NOV B,A ;MINOR COUNTERCO9C FEDO CPI H0 ;MINOR WORD STUFFC'9E 2A6Cl JgZ NIL ;NOCOAl 79 MINOR: MOV A,C ;MAJOR TEST BYTECOA2 2F CNA ;MINOR IS COMPLIMENT OF MAJORCOA3 77 NOV M,A ;STUFF MINOR BYTE IN MENCOAi 0603 
HVI 8,03 ;START MINOR COUNT AT 3COA6 CD06c1 NIL: CALL HILOX ;INC & CHX IF DONECOA9 05 DCR H ;DEC MINOR COUNTERCOAA C2A6CO JNZ NIL ;OK TO STUFF NOCOAD C3A1CD iMP MINOR ;YES

COBO CDDECO CHECK: CALL STASTO ;LOAD START AND ENDC08 fo Mov !6A ;LOAD MINOR COUNTC"6 C2C IC CPI O ;COUNT ZEROC0B9 79CZ MAR ;NO GO TO MAJOR
C0B9 79 MINR: NOV A,C ;LOAD TEST BYTE MAJORCOBA 2? CMA ; MINOR IS COMPLIMENYTCOBB BE CMP N ;READ AND COMPARE MEN LOCCOBc 0603 NYI R,03 ;MINOR COUNT AT 3COBE C3C3C0 ?mp CKEND ;CHECK FOR ERROR OR ABORTCOC2 B9 MAJR: NOV A,C ;LOAD MAJOR TEST BYTECOC? BE EMP N ;READ AND COMPARE MEN WITH MAJoRCOC4 CS CKEND: PUSH B ;SAVE COUNT AND MAJORCOC CiE6CO CNZ ERR ;GO TO ERR TO PRNT IF ERROR
COdS D803 POP B ;RESTORE REGSCOCI E602 IN CSTAT ;CHECK KEYBOARDC CA E602 ANI O2HCOCC CADDJCO JZ FINCOCF DB02 IN CDATA ;READ KEYSCODI 320A0o STA CODECODO CD06CI FIN: CALL MILOX
COD? CSVC
COD C2COCR B ;DEC MINOR COUNTCODS C389C0 JNZ MAdRCODB C3B9C0 MINA ;COUNT ZERO DO MINOR

CODE 2A06OO STASTO: LHLD LNADR ;LOAD END ADOR

COE Es XCHG ;NOVE END TO C&DCOE2 2AO400 LHLD START ;LOAD STARTCOE5 C9 PET
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COE6 05 ERR: PUSH 0 ;SAVE END ADORCOE7 F5 PUSH PSW
OE8 CD?5C2 CALL CRLFOES SM MOV D,HCOEC SD NOV E,LCOED CDIAC2 CALL BINS ;OUTPUT BAD ADDRCOFO 1608 NVI D,08 ;SPACE COUNTCOF2 CDFBC1 CALL BLNK ;SPACE OVER 8COFS F1 POP PSWCOF6 47 NOV B,ACOF7 CDESC1 CALL BITS ;PRINT TEST BYTECOFA 160A MVI O,OAHCOFC CDFBC1 CALL BLNKCOFF 7E MOV A,MClO0 CDESC1 CALL BITS ;PRINT BAD BYTEC103 78 NOV A,B ;MOVE TEST BYTE BACKC104 Di POP D ;RESTORE END ADDRC105 C9 RET

C106 F5 HILOX: PUSH A ;SAVE ACCC10 23 INX H ;INC CURRENT ADDRCl08 7c NOv AH ;LOAD HIGH ODER ADDRC109 BA CMP D ;COMPARE WITH ENDCIOA C216C1 JNZ DIFF ;NO MATCHClO 70 NOV A,L ;LOAD LOW ORDERclot B CNP E ;COMPARE LOW ORDERSClO C216C1 JNZ DIFF ;NO MATCH
C112 F1 POP A ;MATCH ENDC113 33 INX SP ;FAKE RETURN ONE LEVEL OUTC114 33 INX Sp
CIT5 C9 RETC116 Fl DIFF: POP A ;CONTINUE STUFFINGC117 C9 RETC018 OE3F PROS: MVI C,3FH ; ?ClIA CD8EC? CALL COROT ;PRINT ?C11D C304CO JP ENTRY

C120 ODOAD45DMSG1 De ODH,OAH,'MEMORY TEST-,OC12E ODOA45iE5iMSG2 DB ODH,OAH,'ENTER START ADDRESS ',0C149 DOA45E51MSG3 DB ODH.OAH,'ENTER STOP ADDRESS ',0C162 ODOA454E4IMSGI DB ODHOAH,'END OF PASS ',OAH,O
diagnostic Input output routines
for brian donlan 26 feb 79

0003 x CSTAT EQU 3 ;CONSOLE STATUS PORT.0003 a CCOM EQU 3 ;CONSOLE COMMAND PORT.0002 a CDATA ECU 2 ;CONSOLE DATA PORT.0002 . CKBR EQU OOOOO1OB ;KEYBOARD READY BIT.0001 a CPTR EOU OOOO00015 ;PRINT READY BIT.0001 a CHULL EOU I ;CONSOLE NULL COUNT.

CHECK CONSOLE INPUT STATUS.

C177 D03 CONST: ZN CSTAT ;READ CONSOLE STATUS.C179 E602 ANI CKBR ;LOOK AT KB READ? BIT.C1?B 3EO0 NYI AO ;SET AsO FOR RETURN.C17D C8 NZ ;NOT READY WHEN ZERO.
C17E 2? MC1T 9F CCA ;IF READY A2FF.NET ;RETURN FROM CONST,
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READ A CHAFACrtR FROM CO4SOLE.

C180 D803 CONIN: Ir CSTAT ;READ CONSOLE STATUS.
C182 E602 A. I CKBR ;IF NOT READY,

CIt CAsOCl JZ CONIN ;READY WIAEN HIG9.
C17 D802 IN COATA ;READ A CHARACTER.
C189 D302 OUT CDArA
C18B E67F ANr TFH ;MIKE MOST SIG. IT : 0.
C18D C9 RET

WRITE A CHARACTER TO THE CONSOLE DEVICE.

CIBE 3EOD COt4T: MVI A,ODH ;IF IT'S A CR,
C190 B9 CMP C ;THEN HOP OUT
C191 CA9FCI JZ COKJL ;TO NULL ROUTINE.
C194 D803 CONOTI: IN CSTAT ;READ CONSOLE STATUS.
C196 £6Oi ANI CPTR ;IF NOT READY,
C198 CA94CI jz CcNOTI ;READY WHEN HIGH.
C19B 79 NOV A,C ;GET CHARACTER.
C19C D302 OUT CDATA ;PRINT IT.
C19E C9 RET ;RETURN.
C19F C5 CONUL: PUSH B ;SAVE B&C.
ClAD 0601 HVT B,CMULL ;GET NULL COUNT.
CA2 CD94CI CONULI: CALL CONOTI ;PRINT CR.
CIAS OEOO mvi C,O ;GET NULL CHAR.
C1A7 05 DCR B ;DECREMENT COUNTER.
C1A8 C2A2C1 JNZ COKULI ;DO NEXT NULL.
ClAS Cl POP B ;RESTORE B&C.
CIAC 79 NOV A,C ;RESTORE A.
ClAD C9 RET ;RETURN.

PRINT MESSAGE UNTIL ZERO
MESSAGE ADDRESS REG H & L

CIAE 7E PMSG: NOV A,M ;OET CHAR
CIAF B? ORA A ;IS IT A ZERO
CiSo CS RZ
ClSi 4F NOV C,A ;OTHERWISE PRINT
C1B2 CDBECI CALL CONOT
C1B5 23 INX H ;INC ADDRESSS
C1B6 C3AEC1 JP PMSG

C189 ODOAOA4CJFMSG8 DS ODH,OAH,OAH,-LOC. TEST BYTE MEMORY BYTE',O

; PRINT BIT WORD IN BINARY FORMAT

INPUT: DATA IN REG A

CIE5 47 SITS: NOV B,A ; DATA
CIE6 3F80 Mf4 ASOH ; MAS%
CIE8 0E30 OVER: MI C.30H
C1EA 5F NOV EA STORE MASK
CIES AO ANA B AND WITH MASK
CIEC CAFIC1 JZ PONT ; JUMP IF ZERO
CIET 0t31 MVI C WI
C1F1 CDBECI PRKT: CALL CONOT
C1F AO ANA B ZERO CARRY
tfI? 78 NOV A,E ; LOAD MASK
CIF6 IF RAN
CIFT D298CI JNC OVER
CIFA C9 RET
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CIFB 02O BLNK: MVI C,20H ;PRINT BLANKS, * IN REG. D
ClFD CD94C1 LP19: CALL CONOrl
C200 15 DCR D
C201 C2FDCI JNZ LP19
C204 C9 RET

C205 7A BINHA: MOV A,D
C206 IF RAR
C207 IF RAR
C20 IF RAR
C209 IF RAR
C20A CD22C2 CALL BINi
C20D 4F MOV C,A
C20E CD8EC1 CALL CONOT
C211 ?A mOV A,D
C212 CD22C2 CALL BINi
C215 4F NOV C,A
C216 CDBEC1 CALL CONOT
C219 C9 RET

OUTPUTS FOUR HEX DIGITS IN ASCII
ENTER WITH DATA IN REG PAIR E AND D

C21A CDO5C2 BINB: CALL BINHA
C21D 53 MOV D,E
C21E CDO5C2 CALL BINHA
C221 C9 RET

CONVERTS HEX TO ASCII
INPUT: 4 BITS HEX REG A
OUTPUT: 8 BIT ASSCII REG A

C222 E60F BINI: ANI OFH
C224 C630 ADI 30H
C226 FE3A CPI 3AH
C228 Ds RC
C229 C607 ADI 0TH
C22B C9 RET

INPUTS 4 DIGITS FROM CONSOLE
RETURN; 4 HEX DIGITS IN REG E-D

C22C CD8OCi BBIN: CALL CONIN
C22F CD5BC2 CALL AHSI
C232 17 DAL
C233 17 DAL
C234 17 RAL
C235 17 DAL
C236 E6FO ANI OFOH
C238 57 NOv D,A
C239 CD8OC1 CALL CONIN
C23C CDSBC2 CALL AHSI
C23F E60F ANI OFH
C241 12 ORA D
C242 57 NOV D,A
C243 CD8OCi CALL CONIN
C246 CD5BC2 CALL AHSI
C249 17 RAL
C24A 17 PAL
C249 17 RAL
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C24C 17 RALC24D E6FO ANI OFOHC24F 5F MOV E,AC250 CD8oCi CALL CONINC253 CD5BC2 CALL AHSIC256 E60F ANI OFHC258 83 ORA EC259 5F MOV E,A
C25A C9 BET

CONVERT ASCII TO HEXINPUT; 8 BIT ASCII REG A
OUTPUT: 4 BIT HEX REG A

C25B O0 ANSI: NOP
C25C D630 SUI 30HC25E FEOA CPX OAH
C260 D8 RCC261 D607 SUl 07HC263 C9 BET

....ATE SIO PORTS

C264 3EAA INITA: MVI A,OAAH ;GET DUMMY MODE WORDC266 D303 OUT CSTAT ;OUTPUT ITC268 3E40 MVI A,4OH ;GET RESET BITC26A D303 OUT CSTAT ;RESET 10 BOARDC26C 3ECE MVI A,OCEH ;GET REAL MODE WORDC26E 0303 OUT CSTAT ;SET THE MODE FOR REALC270 3E37 MVI A,37H ;GET THE COMMANDC272 D303 OUT CSTAT ;OUTPUT ITC274 C9 RET

C275 OEOD CRLF: MVI C,13 ;CRC277 CDSECI CALL CONOTC27A OEOA LF: MVi CIO ;LFC27C CD94CI CALL CONOnC27F OE7F MVY C 7FHC281 CD94C1 CALL CONOTIC284 CDSECI CALL COROTC287 C9 RET
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MI.NI-'EYCRY ',--57
;?ROM VERSZON FOR 0 TO lCOH

*BRIAN J. 00N.AN

C290 ORG 0C290H
,290 F3 ENTER: DI
C291 3EFE MYI A,OFEH
C295 2000OT0FF ;OUTPUJT PHASE I LITES025 1000LXI H,ODOH ;START ADDRESSC298 AF LP2- XRA A ;ZERO0 ACCC299 77 LP,,: 4OV M,A ;STCRE TEST PArTERN IN MEM.C29A 46 NOV B,M ;READ BACK TO BC-293 88 cMP B ;COM1PARE FOR OKC290 C2FDC2 JNZ ERql ;JJMP IF EPRORC29F 3C INR A ;NEW TEST PATTERNC2AO C299C2 JNZ LPI
C2A3 23 IN X HC2A4 1100FF LXI D,OFFOOH SO DRSC2A7 ED XCHG;SOADRS
C2A8 19 DAD 0 ;ADD TWO'S COMPLIMENTC2A9 EB XCHG
C2AA 0298C2 Jim LP2

PHASE IiC2AD 3EFD MVI A,OFDH;PAEILTE
C2AF 03FF ouT OFFH;PAEI TS
C251 210000 LXI H,OOOH02B4 74 LP3:. NOV M,H ;LOW ADDRESS T0 MEmC2B5 23 INX HC256 1100FF LXI O,oFFOOH ;STOP ADDRESSC2B9 ED XCHG
C29A 19 DAD D
0285 ED XCHG
C2BC D251*02 JNC LP3

READ MEMORYC28F 210000 LXI H,OOOHC2C2 7E LP1*: NOV A,M ;REAr MEMORYC2C3 94 SUB H ;COMPAREC?04 C223C3 JNZ ERR2 ;JUMP IF ERRORC2C7 23 INX H
C2C8 1100FF LXI D,0FFooHC2C5 ES XCHG
C2CC 19 DAD D
C2C0 ES XCHG
C2CE D2C2C2 jNC LP4

PHASE III

C2DI 3EFC MVT A,0FCHC2D3 03FF OUT OFFH ;PHASE THREE LITESC2D5 210000 LXI H,OOOHC2D8 75 LP5: NOV N,L ;STORE HIGH ADDRESS IN ALL MEN0209 23 INX H
C2DA 1100FF LXI D,OFFOOHC2DD ED XCHG
C2DE 19 DAD D
C2DF ES XCHG
C2EO D2D8C2 SNO LP5

;READ MEN
C2E3 210000 LXI H,OOOHC2E6 7E LP6: NOV A,N RA MMRC27 5SUB L ;COMPAREC2EB 022FC3 JNZ ERR3
C2EB 23 INX H
C2EC 1100FF LXI D,DFFOOH
C2EF ED XCHG
C2FO 19 DAD D
C2F1 ED XCHG
C2F2 021602 JNC LP6
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; ALL PHASE COMPLETE
C2F5 3EFF NVI A,OFFH
C2F7 2190C2 LXI H,ENTER
C2FA C33BC3 JP LITES ;GO TO LITES PROG

;PHASE I ERROR
C2FD EB ERR1: XCHG
C2FE 4F NOV CA ;SAVE BAD DATAC2FF 2107C3 LXI HCOMERR ;RETURNC302 3EFI mVI A,OF1H ;PHASE I ERROR LITESC304 C33BC3 JP LITES

;COMMON ERROR OUTPUT ROUTINEC307 7A COMERR: NOV AD ;HIGH ADDRESSC308 210EC3 LXI H,LOADD ;RETURN
C30B C338C3 JP LITES
C3OE 78 LOADD: NOV A,E ;LOW ADDRES TO LITESC30F 2115C3 LXI HTPAT ;RETURN
C312 C33BC3 JP LITESC315 79 TPAT: NOV A,C ;TEST PATTERN TO LITESC316 211CC3 LXI HACTDAT ;RETURN
C319 C33BC3 JP LITES
-31C 78 ACTDAT: NOV A,B ;ACTUAL DATA TO LITESC31D 219OC2 LXI H,ENTER ;START OVERC320 C338C3 JP LITES

PHASE II ERROR
C323 ES ERR2: XCHG ;SAVE BAD ADDRESS
C324 82 ADD D
C325 47 NOV B,A
C326 4A NOV C,DC327 3EF2 HVI k,OF2H ;PHASE II ERROR TO LITESC329 2107C3 LXI H,COMERR ;RETURN
C32C C33BC3 JP LITES

PHASE III ERRORC32F EB ERR3: XCHG ;SAVE BAD ADDRESS
C330 83 ADD E
C331 47 NOV B,A
C332 4B NOV C,E
C333 3EF3 MVI AOF3H ;PHASE II ERRO TO LITESC335 2107C3 LXI H,COMERR ;RETURNC338 C33BC3 JNP LITES

;LITES ROUTINE ENTER WITH RETURN IN REG H&L
; DATA FOR LITES IN AC33B 2F LITES: CNAC33C D3FF OUT OFFH ;OUTPUT LITESC33E F9 SPHL ;SAVE RETURN IN SPC33F DBFF IN OFFH ;READ SENSE SWITCHESC341 67 NOV H,A ;SAVE IN HC342 DBFF LP7: IN OFFH ;READ SWITCHESC344 AC XRA H ;SEE IF THEY CHANGEDC345 CA42C3 JZ LP7C348 2118FC LXI H,OFC18H ;DELAY LOOP

C340 23 LP8: INX H
C34C AF XRA A
C34D B4 ORA H
C34E C24BC3 JNZ LP8
C351 210000 LXI H,O ;ZERO HC354 39 DAD SP ;MOVE RETURN BACK TO H & LC355 E9 PCHL ;RETURN
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; DISK TEST FOR TARBELL DISK CONTROLLER; BRIAN J. DONLAN
18 MAR 79

PROM VERSION

C800 
ORG OC8OoHC800 217000 ENTRYI: LXI H,070H ;SET STACK POINTERC803 F9 SPHLC04 F3 DC805 CD52CD ENTRY: CALL INITA ;INITI TTY

C808 2162C9 LXI H,MSGj ;OPENING MESSAGEC808 CD8CCc CALL PMSGCBoE 2185C9 LXI H,MSGIAC811 CD8CCC CALL PMSGC814 CDDACA CALL CONIN ;CHECK KEYBOARDC817 FE59 CPI Pro ;CHECK IF Y
C819 C205C8 JNZ ENTRY ?? START OVERC81C CD63CD CALL CRLFCBIF CD63CD LOOP6: CALL CRLFC823 320800 XRA A ;ZERo ACCC826 30STA ERRFLG ;ZERo EERROR FLAG
C826 320OO STA LPCNT ;ZERO LOOP COUNTC829 CDO8CB CALL HOME ;HOME DRIVE TO TRK 0C82C AF LOOP4: XRA AC82D 320500 STA INNER ;ZERO INNER TRK
C830 3E26 MVI A,38 ;OUTER TRKC832 320600 STA OUTERC835 CD82CB CALL PAT ;GET PATTERNC838 CDB5C8 

CALL INWRTC83B 3E22 MVy A,34C83D CD72CC CALL SEEKC840 CDE7C8 CALL IURD ;MOVE BACK AND CHECK rRK 00
C843 3E01 M00 AO1 ;SET UP TO DO PAIRS
C845 320500 STA INNER ;START PAIRS WITH TR901

TEST FOR CONSOLE INTERRUPTC848 D803 LOOPm: IN CSTATC81A E602 ANI 0211 ;KEYBAORD READYC84C CASBC8 Jz LOOP3 ;NOC84F D802 IN CDATA ;READ KEYSC851 FE03 CPI 03H ;CONTROL CC853 CAOOFO 3z RENT ;RETURN TO MONITORC856 FE02 CPI 02R ;CONTROLBC858 CA05C8 PIZ ENTRY ;START OVER AGAINC858 CDB5C8 LOOP3: CALL INWRT ;WRITE INNER TRKC85E CDDEC8 CALL OUTWRTC861 CDE7C8 CALL INRD ;READ INNER TRKC864 CDITC9 CALL OUTRDC867 3A0500 LDA INNERC86A 3C INR AC86B 320500 STA INNERC86E C626 ADZ 38 ;FIND NEXT OUTER T4K
C870 320600 STA OUTER ;STORE OUTER TRKC873 FE4D CPI 77 ;TrR 77 YET ?
C875 C248C8 JNZ LOOP8 ;NOT DONE YETCR78 3AO4O0 LDA LPCNT ;LOOP COUNTERC7B 3C INN AC87C 320400 STA LPCNTC87F C32CCB JP LOOP4
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; PATTERN nOUNTINE EXPANDARLEC882 3AO400 PAT: LDA LPCNT ;LOAD LOOP COUNTERC885 CAA C8 JZ iST
C888 FE:. CP1 01 ;SECOND PASS
C88A CAA9C8 CZ SECD
C88D FE02 CPl 02
C88F CAAFC8 JZ THIRDC892 27ACC9 LXI H,MSG2 ;END OF PASSC895 CD8CCC CALL PNSGC898 D803 IN CSTAT ;CHECK KEYBOARDC89A £602 ANt 02HC89C CA1FC8 JZ LOOP6 ;CONTINUE TEST UNTIL INTERUPrEDC89F 76 HLTC8AO C305C8 iMP ENTRYCeA3 3£FF 1ST: NVI A,OFFH ;ALL ONES PATERNC8A5 320700 STA PATEN ;STORE PATTERNC8A8 C9 RETC8A9 3E0 SECD: MVI A,OOH ;ALL ZERO PATTERNC8AB 320700 STA PATEN
CBAE C9 RETC8AF 3E55 THIRD MVI A,55H ;ALTER PATTERNC881 320700 STA PATEN
C8B4 C9 RET

; WRITE INNER IRKC8B5 3A0500 INWRT: LDA INNER
C8B8 320B00 STA TRKC88B CD72CC BOTH: CALL SEEK ;MOVE HEAD TO TRKC8BE 3E01 MVI A,01 ;FIRST SECTOR
C8CO 320CO0 STA SECT
C8C3 AF LOOPI: XRA A ;ZERO ACCC8C4 320D00 STA REPETE ;ZERO REPEAT FLAGC8C? CD37CC CALL WRITE ;WRITE ONE SECTORC8CA 3AODOO LDA REPETE ;LOAD REPEAT FLAG
C8CD C8 ORA A ;SET FLAGSC4CE C2C3C8 JNZ LOOPI ;REPEAT SECTORC8D1 3AOCOO LDA SECTCSD4 3C INR A ;INC SECTORC8D5 320COO ST SECT
C88 FEB CPI 27 ;ALL SECTOR DONE ?CJNA C2C3C8 J9Z LOOPI ;NOCDD C9 REr

WRITE OUTER TRKC8DE 3A0600 OUTWRT: LDA OUTER ;LOAD OUTER TRKC8E1 320B00 STA TRKCBE4 C3BBC8 imP BOTH ;COMMON WRITE ROUNTINE

; READ INNER TRKC8E7 3A0500 INRD: LDA INNER
C8EA 320B00 STA IRKCBED CD72CC SOTH2: CALL SEEK ;MOVE HEAD TO TRKC8FO 3E01 NV! A,O1 ;FIRST SECTORCBF2 320C00 STA SECT ;ZERO SECTOR
C8F5 AF LOOP5: XRA AC8F6 320800 3TA ERRFLG ;ZREO ERROR COUNTC8F9 320D00 STA REPETEC8PC CD3BCB CALL READ ;READ ONE SECTORCBFF AF A A ;ZERO ACe
C900 320800 STA ERAFLG
C903 3AODOO LDA REPETE ;REPEAT FLAGC906 87 ORA A ;SET FLAGSC907 C2F5C8 JNZ LOOP5C9OA 3AOCOO LDA SECT
C900 3C INR aC90E 320C00 STA SECT ;NEXT SECTORC911 FE18 CPz 27 ;ALL SECTORS DONE 7C913 C2F5C8 JNZ LOOP5 ;NOC916 C9 RET
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; READ OUTrR TRK
C917 3A0600 OUTRD: LDA .UTER ;OUTER TRK NO.
C91A 320800 STA TRK
C91D C3EDC8 JmP BOTH2

C920 21BCC9 ERRPNT: LXI H,MSG3 ;ERROR MESSAGE
C923 CD8CCC CALL PMSG
C926 3AO800 LDA ERRFLG ;ERROR COUNT
C929 57 NOV D,A
C92A CD2BCD CALL BINHA ;PRINT ERROR COUNT
C92D 21F3C9 LXI H,MSG4 ;HEADINGS
C930 CD8CCC CALL PMSG
C933 1603 MVI D,03 ;SPACE OVER
C935 CD21CD CALL BLNK
C938 3AOBOO LDA TRK ;TRACK NO.
C93B 57 NOV D,A
C93C CD2BCD CALL BINHA ;PRINT TRACK NO.
C93F 1610 MVI D,16 ;SPACE OVER
C941 CD21'D CALL BLNK
C944 3AOCOO LDA SECT ;SECTOR NO.
C947 57 NOV D,A
C948 CD2BCD CALL BINHA ;PRINT SECTOR NO.
C94B 160D MVI D,13 ;SPACE OVER
C9UD CD21CD CALL BLNK
C950 3A0700 LDA PATEN
C953 CDOBCD CALL BITS ;PRINT TEST PATTERN
C956 160C MVI D,12 ;SPACE OVE
C958 CD21CD CALL BLNK
C95B 3A0900 LDA BADBT ;LAST BAD BYTE
C95E CDOBCD CALL BITS ;PRINT LAST BAD BYTE
C961 C9 RET

000 z LPCNT: EOU 4 ;SPACE FOR LOOP COUNTER
0005 2 INNER: EQU 5 ;SPACE FOR INNER TRK NO.
0006 x OUTER: EOU 6 ;SPACE FOR OUTER TRK NO.
0007 z PATEN EQU 7 ;SPACE FOR TEST PATTERN
0008 x ERRFLG: EQU 8 ;SPACE FOR ERROR COUNT
0009 2 BADBT: EQU 9 ;SPACE FOR BAD BYTE
000A z BDTRK: EQU OAH ;SPACE FOR DISK READ TRK WHEN ERR
O00D = REPETE: EQU ODH ;REPETE FLAG
C962 ODOA444953MSG1: DB ODH,OAH,'DISK TEST NO. 1 FORMATTED TEST -,0
C985 ODOA4C4F41MSGIA: DB ODH,OAH,'LOAD SCRATCH DISK TYPE Y WHEN READY'.0
C9AC ODOA2054EMSG2 DB C)H,OAH,' END OF PASS ',0
C9BC ODOAI15l4MSG3: DB ODH,OAH,'DATA ERROR ON DISK CHECK ERROR COUNT IN HEX ',0
C9F3 0DOA205452MSG4: DB ODH,OAH,' TRACK NO. SECTOR NO. TEST BYTE LAST ERROR'
CA37 ODOA48454lMSG5: DB ODH,OAH,'HEAD POSITION -,0
CA48 0DOA44953MSG6: D ODH,OAH,'DISK TRACK CONTROLLER TRACK SECTOR ',ODH,OAH,
CAB3 ODOAODOA2OMSG7: DB ODH,OAH,ODH,OAH,' !! EXECUTION STOPPED f! ',0
CAA2 0DOA54595OMSG8: DS ODH,OAH,-TYPE R TO RETRY, C TO CONTINUE, ANYTHING ELSE STOP ',0

0003 x CSTAT EQU 3 ;CONSOLE STATUS PORT.
0003 x CCON EQU 3 ;CONSOLE COMMAND PORT.
0002 x CDATA EOU 2 ;CONSOLE DATA PORT.
0002 z CKBR EQU 00000010B ;KEYBOARD READY BIT.
0001 * CPTR EQU O0000001B ;PRINT READY BIT.
0001 x CNULL EQU 1 CONSOLE NULL COUNT.
OOF8 x DISK EQU OF8H ;DISK BASE ADDRESS.
OOF8 x DCOM EQU DISK ;DISK COMMAND PORT.
oF8 s DSTAT EQU DISK ;DISK STATUS PORT.
OOF9 x TRACK EQU DISK.1 ;DISK TRACK PORT.
OOFA x SECTP EQU DISK+2 ;DISK SECTOR PORT.
OOFB s DDATA EQU DISK+3 ;DISK DATA PORT.
OOFC s WAIT EQU DISK+4 ;DISK WAIT PORT.
OOFC s OCONT EQU DISK 4 ;DISK CONTROL PORT.

003 s TRK: EQU OBH ;ADDRESS FOR TRACK
OOOC x SECT: EQU OCH ;ADDRESS FOR SECTOR
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READ A CHARACTER FROM CONSOLE.
CADA 0803 CNIN: IN CSTAT ;REA2 CONSOLE STATUS.
CADC E602 ANI CKBR ;IF NOT READY,
CADE CADACA JZ CONIN ;READY WHEN HIGH.CAll DB02 IN CDATA ;READ A CHARACTER.CAE3 D302 OUT CDATACAE5 E67F ANI 7FH ;MAKE MOST SIG. BIT 0.CAE7 C9 RET

WRITE A CHARACTER TO THE CONSOLE DEVICE.
CAE8 390D CONOT: MVI A,ODH ;IF IT'S A CR,CAEA 89 CMP C ;THEN HOP OUTCAES CAF9CA JZ CONUL ;TO NULL ROUTINE.CAEE C803 CONOTI: IN CSTAT ;READ CONSOLE STATUS.CAFO E601 ANT CPTR ;IF NOT READY,CAF2 CAEECA JZ CONOTI ;READY WHEN HIGH.CAF5 79 NOV AC ;GET CHARACTER.CAF6 D302 OUT CDATA ;PRINT IT.CAFB C9 RET ;RETURN.CAF9 C5 CONUL: PUSH B ;SAVE B&C.CAFA 0601 MVI B,CNULL ;GET NULL COUNT.CAFC CDEECA CONULI: CALL CONOT1 ;PRINT CR.CAFF OEOO NVI C,O ;GET NULL CHAR.CBOT 05 DCR 8 ;DECREMENT COUNTER.CB02 C2FCCA JNZ CONULI ;DO NEXT NULL.CBO5 Cl POP B ;RESTORE BAC.CB06 79 NOV A,C ;RESTORE A.CBO7 C9 RET ;RETURN.

MOVE DISK TO TRACK ZERO.
CB8 3EDO HOME: MVi A,ODOH ;CLEAR ANY PENDING COMMAND.CBOA D3F8 OUT DCoM
CBOC AF XRA A ;ZERO ACCCBOD 320900 STA TRK ;STORE TRACKCB1O DBF8 HOMEI: IN DSTAT ;READ DISK STATUS.CB12 OF RRC ;LOOK AT LSB.CB13 DA1OCB JC HOME1 ;WAIT FOR NOT BUSY.CB16 3E03 MVI A,3 ;20 MS STEP RATE.CB18 D3F8 OUT OCOM ;ISSUE HOME COMMAND.CBlA DBFC IN WAIT ;WAIT FOR INTRQ.CBIC 87 ORA A ;SET FLAGS.CBlD FA2CCB JM HERR ;ERROR IF DRQ.CB20 DBF8 IN oSTAT ;READ DISK STATUS.CB22 57 NOV D,A ;SAVE IN REGISTER D.CB23 E604 ANT 4 ;LOOK AT BIT 2.CB25 CA2CCB JZ HERR ;ERROR IF NOT TRK o.CB28 7A NOV A,D ;GET STATUS BACK.CB29 E691 ANT 9TH ;MASK NON-ERROR BITS.CB2B C8 RZ ;RETURN IF NO ERROR.C82C 21FACC HERR: LXZ H,HEMSG ;PRINT *HOME ".CB2P 7A NOV A,D ;MASK NON-ERROR BITS.C830 E691 ANI 91HC832 57 NOV D,AC833 C37J9C JMP ERMSG ;DO COMMON ERROR MSGS.

SELECT DISK NUMBER.
C936 3E02 INTDSK: Mil A,02 ;DRIVE NO. 1CB38 D3FC DSKI: OUT DCONT ;SET THE LATCH WITH CODE.CB3A C9 RET ;RETURN FROM SELDSK.
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r

READ THE SECTOR AT SECT, FROM THE PRESENT TRACK.
SECTOR IN SECT
HEAD LOAD FIRST

CB3B 218000 READ: LXI H,080H ;READ BUFFER
CB3E 3AOCOO LDA SECT
CB41 D3FA READ1: OUT SECTP ;SET SECTOR INTO 1771.
C843 3E8C MVI A,8CH ;CODE FOR READ W/O HD LD.
CB45 D3F8 READE: OUT DCON ;SEND COMMAND TO 1771.
CB47 DBFC RLOOP: IN WAIT ;WAIT FOR DRQ OR INTRO.
CB49 B7 ORA A ;SET FLAGS.
CB4A F254CB JP RDDONE ;DONE IF INTRO.
CB4D DBFB IN DDATA ;READ A DATA BYTE FROM DISK.

CB4F 77 NOV N,A ;STORE IN BUFFER
CB5O 23 INX H ;INC BUFF POINTER

CB51 C347CB iMP RLOOP

; COMPARE DATA WITH TEST BYTE;
C854 218000 RDDONE: LXI H,080H ;HEAD OF BUFFER
CB57 3A0700 LDA PATEN ;TEST PATTERN
CB5A 47 NOV B,A ;PATTERN TO 8
CB5B 1680 MVI D,O80H ;COUNTER FOR BYTES
CB5D 7E CONPLP: NOV A,M ;GET DATA
CB5E B8 CMP B ;COMPARE WITH TB
CB5F C22ACC JNZ DATERR ;ERROR
CB62 23 ERRET: INX H
CB63 15 DCR D ;DEC BYTE COUNT
CB64 C25DCB JNZ COMPLP ;DO 128 TIMES
CB67 DBF8 IN DSTAT ;READ DISK STATUS.
CB69 E69D ANI 9DH ;LOOK AT ERROR BITS.
CB6B 57 NOV D,A ;SAVE ERROR BITS
CB6C 3A0800 LDA ERRFLG ;READ ERROR FLAG
CB6F B2 ORA D ;SET FLAGS ON COMBO
CBO C8 RZ ;RETURN IF NONE.
CB71 21EICC LXI H,RDMSG ;PRINT "READ ".
CB7 CDBCCC ERNSG: CALL PMSG ;PRINT ORIGIN MESSAGE.

; COMMON ERROR PRINT OUT

CB77 7A ERMSG1: NOV A,D ;GET ERROR BITS.
CB78 E680 ANI 80H ;IF BIT 7 HIGH,
CB7A 2197CC LXI H,NRNSG ;"NOT READY".
CB7D C48CCC CNZ PNSG
CB80 7A NOV A D ;GET ERROR BITS.
CB81 E610 ANI 16H ;IF BIT 4 IS HIGH,
CB83 21A2CC LXI H,RNNSG ;PRINT "RECORD NOT FOUND"
C886 C£8CCC CNZ PMSG
C889 7A NOV A,D ;GET ERROR BITS.
CB8A E608 ANI 8H ;IF BIT 3 IS HIGH,
CB8C 21B4CC LXI H,CRCMSG ;PRINT "CRC ERROR".
CB8F C48CCC CNZ PNSG
CB92 7A NOV A,D ;GET ERROR BITS.
CB93 E604 ANI 4H ;IF BIT 2 IS HIGH,
CB95 2189CC LXI H,LDNSG ;PRINT "LOST DATA".
CB98 C48CCC CNZ PNSG
C3gB 7A NOV A,D ;GET ERROR BITS.
CB9C E601 ANI 1 ;IF BIT 1 IS HIGH,
CB9E 21CCC LX! H,BSYNSG ;PRINT "BUSY".
CBA1 C48CCC CNZ PNSG
CBA4 21DACC PERNSG: LXI H,ERRNSG ;PRINT "ERROR."
CBA7 CDSCCC CALL PNSG
CBAA 7A NOV A D ;NOVE FLAGS TO ACC
CBAB E618 ANI IH ;CRC OR RECORD NOT FOUND
COAD CAEFCB Iz RETRY
C58O 3EC TRKCHK: MV! AOC4H
C992 D3F8 OUT DCOM ;READ ADDRESS
C5B4 DBFC IN WAIT
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CBR6 DBFB IN DDATA ;TRACK ADDRESS
CB88 320A00 STA BDTRK
CRB DBFC CHKS2 IN WAIT ;DUMP REST OF DATA
CBBD FABBCB JM CHKS2
CBCO 2137CA LXI H,MSG5 ;HEAD ERROR MESSAGE
CBC3 CD8CCC CALL PMSG
CBC6 2148CA LXI H,MSG6 ;HEADINGS
CBC9 CDCCC CALL PMSG
CBCC 1605 MVI D,O5H
CBCE CD21CD CALL BLNK ;SPACE OVER
CBD1 3AOAOO LDA BDTRK ;DISK IRK
CBD4 57 mOV D,A
CBD5 CD2BCD CALL BINHA ;PRINT IRK
CBD8 1615 mV! D,15H
CBDA CD21CD CALL BLNK ;SPACE OVER
CBDD DBF9 IN TRACK
CBDF 57 MOV D,A
CBEO CD2BCD CALL BINHA ;PRINT TRK
CE3 1613 MVI D,13H
CBE5 CD21CD CALL BLNK
CBE8 3AOCOO LDA SECT ;SECTOR
CBEB 57 NOV D,A
CREC CD2BCD CALL BINHA ;PRINT SECTO NO.
CBEF 3A0800 RETRY: LDA ERRFLG
CBF2 B7 ORA A ;SET FLAGS
CBF3 C42OC9 CNZ ERRPNT ;GO TO READ CHECK ERROR PRINT
CBF6 D802 IN CDATA ;CLEAR KEYBOARD
CBF8 DBFF IN OFFH ;READ SENSE SWITCHES
CBFA E601 AN! O1H ;SWITCH 0
CBFC C221CC .NZ CONT
CBFF 21A2CA LXI H,MSG8
CCO2 CD8CCC CALL PMSG ;REQUEST INPUT
CCO5 CDDACA CALL CONIN ;READ KEYS
CCO8 FE52 CPI 'R$ ;CHECK FOR R
CCOA CA15CC JZ FIX
CCOD FE43 CPI 'C' ;CHECK FOR C
CCOF CA21CC iZ CONT
CC12 C300FO JMP RENT
CC15 3E01 FIX: MVI A,01 ;SET REPETE FLAG
CC17 320D00 STA REPETE
CC1A CD63CD CALL CRLF
CC1D CD63CD CALL CRLF
CC20 C9 RET
CC21 CD63CD CONT: CALL CRLF
CC24 CD63CD CALL CRLF
CC27 3EO1 MV! A,01
CC29 C9 REY

CC2A 320900 DATERR: STA BADBT ;SAVE BAD BYTE
CC2D 3AO800 LDA ERRFLG ;LOAD ERROR COUNT
CC3O 3C INR A
CC31 320800 STA ERRFLG ;NEW COUNT
CC34 C362CB JMP ERRET ;RETURN

WRITE THE SECTOR AT SECT, ON THE PRESENT TRACK.
USE STARTING ADDRESS AT DMAADD.
LOAD HEAD FIRST

CC37 3AO700 WRITE: LDA PATEN
CC3A 47 NOV B,A ;TEST PATTERN IN B
CC3B 3AOCOO LDA SECT ;LOAD SECTOR
CC3E D3FA WRITE1: OUT SECTP ;SET THE SECTOR INTO 1771.
CC4O 3EAC MVI A,OACH ;SET UP 1771 FOR WRITE.
CC42 D3F8 OUT DCOM
CC44 DBFC WLOOP: IN WAIT ;WAIT FOR READY.
CC46 87 ORA A ;SET FLAGS.
CC4T F251CC JP WDONE ;HOP OUT WHEN DONE.

; INSERT PATTERN HERE
CCUA 78 NOV A,B ;LOAD TEST PATTERN
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CC4B D3FB our DDATA ;WRITE ONTO DISK.
CC4D 23 INX H ;INCREMENT MEM PTR.
CC4E C344CC JMP WLOOP ;KEEP WRITTI'.
CC5I DBF8 WDONE: IN DSTAT ;READ DISK .rATUS.
CC53 E6FD ANI OFDH ;LOOK AT THESE BITS.
CC55 57 MOV D,A ;SAVE STATUS BITS
CC56 C8 PROCER: RZ ;RETURN IF NO ERR.
CC57 21E9CC WERRO: LXI H,WTMSG ;PRINT "WRITE ".
CC5A CD8CCC CALL PMSG
CC5D 7A NOV A,D ;GET ERROR BITS.
CC5E E640 ANI 4OH ;LOOK AT BIT 6.
CC60 21CACC LXI HWPMSG ;PRINT "PROrECT ".
CC63 C48CCC CNZ PMSG
CC66 7A NOV A,D ;GET ERROR BITS.
CC67 E620 ANI 20H ;LOOK AT BIT 5.
CC69 21D3CC LXI H,WFMSG ;PRINT "FAULT "
CC6C C4BCCC CNZ PMSG
CC6F C377CB JMP ERMSG1 ;DO COMMON MESSAGES.

MOVE THE HEAD TO THE TRACK IN REGISTER A.

CC72 D3FB SEEK: OUT DDATA ;TRACK TO DATA REGISTER.
CC74 OBF8 BUSY: IN DSTAT ;READ DISX STATUS.
CC76 OF RRC ;LOOK AT BIT 0.
CC77 DA7CC JC BUSY ;WAIT TILL NOT BUSY.
CC7A 3E12 MVI A,12H ;SET FOR 10 MS STEP.
CC7C D3F8 OUT DCOM ;ISSUE SEEK COMMAND.
CC7E DBFC IN WAIT ;WAIT FOR INTRQ.
CCBO DBF8 IN DSTAT ;READ STATUS.
CC82 E691 ANt 91H ;LOOK AT BITS.
CC84 57 NOV D,A ; SAVE STATUS
CC85 CS RZ ;RETURN IF NO ERROR
CC86 21F2CC LXI H,SKMSG ;PRINT "SEEK ".
CC89 C374CS JMP ERMSG ;DO COMMON ERR MESSAGES.

PRINT THE MESSAGE AT H&L UNTIL A ZERO.

CCBC TE PMSG: NOV A,M ;GET A CHARACTER.
CCSD B7 ORA A ;IF IT'S ZERO,
CC8E C8 RZ ;RETURN.
CC8F 4F NOV C,A ;OTHERWISE,
CC90 CDE8CA CALL CONOT ;PRINT IT.
CC93 23 INX H ;INCREMENT HAL,
CC94 C38CCC JMP PMSG ;AND GET ANOTHER.

CBIOS MESSAGES
FO0O z RENT EGU OFOOOH ;MONITOR ENTRY

CC97 4E4F512052NRMSG: DB 'NOT READY ',0
CCA2 52'5434F52RNMSG: DB 'RECORD NOT FOUND ',0
CCB4 4352432000CRCMSG: DB 'CRC ',o
CCB9 4C4F53542OLDMSG: DB 'LOST DATA ',0
CCC4 4255535920BSYNSG: DB 'BUSY ',0
CCCA 50524F5445WPMSG: DB 'PROTECT ',O
CCD3 464155C514WFMSG: DE 'FAULT ',0
CCDA 4552524F52ERRMSG: DB 'ERROR.',0
CCE1 0DOA52454RDMSG: DB ODHOAH,'READ ',0
CCE9 ODOA575249WTNSG: DB ODH,OAH,'WRITE ',O
CCF2 ODOA5314545KMSG: DB ODH,OAH,'SEEK ',0
CCFA ODOA484F4DHEMSG: DB ODHOAM,'HOME ',0
CD02 ODOA4D4F55MNTMSG: D9 ODH,OAH,'NOUNT ',0
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PRINT 8 BIT WCRD IN BINARY FORMAT
; INPUT: DATA IN REG A

CDOB 47 BITS: MOV B,A ; DATA
CDOC 3E80 MVI A,80H ; MASK
CDOE OE30 OVER: MVI C,3OH
CDIO 5F MOV E,A ; STORE MASK
CD11 AD ANA B ; AND WITH MASK
CD12 CAI7CD JZ PRNT ; JUMP IF ZERO
CD15 0E31 MVI C,31H
CD17 CDE8CA PRNT: CALL CONOT
CDlA AO ANA B ZERO CARRY
CD1B 7B MOV A,E ; LOAD MASK
CD1C IF RAR
CDlD D2OECD JNC OVER
CD20 C9 RET

CD21 0E20 BLNK: MVI C,20H ;PRINT BLANKS, # IN REG. D
CD23 CDEECA LPI: CALL CONOT1
CD26 15 DCR D
CD27 C223CD JNZ LP1
CD2A C9 RET

CD2B tA BINHA: MOV A,D
CD2C IF RAR
CD2D IF RAR
CD2E IF RAR
CD2F IF RAR
CD3O CD48CD CALL BIN1
CD33 4F MOV C,A
CD34 CDE8CA CALL CONOT
CD37 7A MOV A,D
CD38 CD48CD CALL BIN1
CD3B 4F MOV C,A
CD3C CDESCA CALL CONOT
CD3F C9 RET

OUTPUTS FOUR HEX DIGITS IN ASCII
ENTER WITH DATA IN REG PAIR E AND D

CD4O CD2BCD BINB: CALL BINHA
CD43 53 NOV D,E
CD4 CD2BCD CALL BINHA
CD47 C9 RET

CONVERTS HEX TO ASCII
INPUT: 4 BITS HEX REG A
OUTPUT: 8 BIT ASSCII REG A

CD48 £60F BIN1: ANI OFH
CDA C630 ADI 30H
CD4C FE3A CPI 3AH
CD4E D8 RC
CD4F C607 ADI 0TH
CD51 C9 RET
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. INIrIATE SIO PORTS

CD52 3EAA INITA: MVI A,OAAH ;GET DUMMY MODE WORD
CD54 D303 OUT CSTAT ;OUTPUT IT
CD56 3E40 MVI A,4OH ;GET RESET BIT
CD58 D303 OUT csrAr ;RESET SIO BOARD
CDSA 3ECE MVI A,OCEH ;GET REAL MODE WORD
CD5¢ D3O3 OUT CSTAT ;SET THE MODE FOR REAL
CZSE 3E37 MVI A,37H ;GET THE COMMAND
CD60 D303 OUT CSTAT ;OUTPUT IT
C062 C9 NET

CD63 DEOD CRLF: MV! C,13 ;CR
CC55 CDEBCA CALL CONOT
CD68 OEOA LF: MVI C10 ;LF
CD6A CDEECA CALL CONOT1
CD6D OE7F MVI C,7FH
CD6F CDEECA CALL CONOTI
CD72 CDEBCA CALL CONOT
CD75 C9 NET

DISC TEST FULL TRACK WRITE
SELECT TRACK IN SENSE SWITCHES
PROM VERSION
BRIAN DONLAN
JUNE 79

CD80 ORG OCDBOH

CD80 C38BCD ENTRYA: JMP STARTA
CD83 218000 ENTRYB: LXI H,080H
CD86 F9 SPHL ;SET STACK
CD87 F3 DI
CD88 CD52CD CALL INITA ;RESET SIO
CD8B 21F7CD STARTA: LXI H,MSG1B
CDBE CD8CCC READT: CALL PMSG
CD91 3E00 MVI A,OOH
CD93 320800 STA ERRFLG ;ERROR FLAG OTHER TEST
CD96 CDOACA CALL CONIN ;READ KEYBOARD
CD99 FE59 CPI 'Y'
CD9B 2139CE LXI H,MSG2A
CD9E C28ECD JNZ READT
CDA CD08CB CALL HOME
CDA4 87 STARTS: ORA A ;SET FLAGS
CDAS C28BCD JNZ STARTA ;ERROR START OVER
CDA8 2lA4CD LXI HSTARTB ;SUBROUTINE RETURN
CDAB E5 PUSH H
CDAC DBFF STARTC: IN OFFH ;READ SENSE SWITCHES
CDAE FED CPI T7 ;PREVENT TRACK OVER-DRIVE
CDBO D2CBCD JvC ENNA
CDB3 CD72CC SEEKA: CALL SEEK ;MOVE HEAD TO TRACK
CD06 06FF NVi B,DFFH ;TEST PATTERN
CDB8 3EF1 MVI A,OFIH ;WRITE TRK COMMAND
CD9A D3F8 OUT DCOM
CIDC DBFC WRTLP: IN WAIT
CDSE 87 ONA A
CDF F251CC J1 WDONE
CDC2 78 NOV A,9
CDC3 D3FD OUT DDATA
CDCS C33CCD JMP WRTL,
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CDC8 06FO ERRA: MVI BOFOH
CDCA 78 ERRLP: NOV AB
CDCB 2F CMA
CDCC D3FF OUT OFFH
CDCE 210000 LXI HOOOH ;DELAY LOOP
CDD1 110100 LXI D,01H
CDD4 19 ERRLPB: DAD D
CDD5 D2D4CD JNC ERRLPB
CDD8 47 NOV B,A
CDD9 DBFF IN OFFH ;SEE IF SWITCHES FIXED
CDDB FEUD CPI 77
CDDD D2CACD JNC ERRLP
CDEO 210000 DELAY: LXI HOH
CDE3 110100 LXI D,01
CDE6 19 DELP: DAD D
CDE7 D2E6CD JNC DELP
CDEA 210000 DELAYA: LXI HOH
CDED 110100 LXI D,01H
CDFO 19 DELPA: DAD D
CDF1 D2FOCD JNC DELPA
CDF4 C3ACCD JMP STARTC

CDF7 ODOAOAU449MSG1B: DB ODHOAHOAH,'DISK TRACK WRITE ROUTINE'
CF12 ODOA4C4F4i DB ODH,OAH,'LOAD SCRATCH DISK TYPE Y WHEN READY',O
CL39 ODOA3F3FOOMSG2A: DS ODH,OAH,'??',O

DISC TEST FULL TRACK READ
SELECT TRACK IN SENSE SWITCHES
PROM VERSION
BRIAN DONLAN
JUNE 79

CE4O ORG OCE4OH

CE40 C34BCE ENTRYD: JMP STARTD
CE43 218000 ENrRYE: LXI H,080H
CE46 F9 SPHL ;SE. STACK
CE47 F3 DI
CE48 CD52CD CALL INITA ;RESET SID
CEB 21COCE STARTD: LXI HMSG1E
CE4E CDBCCC READU: CALL PMSG
CE51 3E0 MVI A,OOH
CE53 320800 STA ERRFLG
CE56 CDDACA CALL CONIN ;READ KEYBOARD
CE59 FE59 CPI 'Y'
CE5B 2139CE LXI HMSG2A
CESE C24ECE JNZ READU
CE61 CDO8C CALL HOME
CE64 87 STARTE: ORA A ;SET FLAGS
CE65 C24BCE JNZ STARTD ;ERROR START OVER
CE68 2164CE LXI H.STARTE ;SUBROUTINE RETURN
CE6B ES PUSH H
CE6C DBFF STARTF: IN OFFH ;READ SENSE SWITCHES
CE6E FEUD CPI 77 ;PREVENT TRACK OVER-DRIVE
CE7O D285CE JNC ERRD
CE73 CD72CC SEEKD: CALL SEEK ;MOVE HEAD TO TRACK
CE76 3RE5 MVI A,OE5H ;READ COMMAND
CE78 D3F8 OUT DCOM
CE7A DBFC RDLP : IN WAIT
CE7C 37 ORA A
CE7D F294CE JP RDONE
CEBO DBFB IN DDATA
CE82 C37ACE JmP RDLP
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CE85 06F0 iRRD:' MVI B,OFOH
CE87 78 ERRLPD: M0V A,B
CE88 2F CMA
CE89 D3FF OUT OFFH
CE8B 110100 LXI D,O1H
CEBE 210000 LXI 11,0001 ;DELAY LOOP
CE91 19 ERRLPE: DAD D
CE92 D291CE JNC ERRLPE
CE95 47 mDv B,A
CE96 DBFF IN OFFH ;SEE IF SWITCHES FIXED
CE98 FE'4D CPI 77
CE9A D287CE JNc ERRLPD
CE9D 210000 DELAYD: LXI 11,0
CEAO 110100 LXI 0,0111
CEA3 19 DELPO: DAD D
CEA4 D2A3CE JNC DELPD
CEA7 210000 DELAYE: LXI 11,0
CEAA 110100 LXI 0,0111
CEAD 19 DELPE: DAD D
CEAE 02ADCE JNC DELPE
CEBi C36CCE imp STARIF

CES'4 D8F8 RDONE: IN DSTAT
CE86 E69D ANI 9011
CE88 57 NOV D,A
CE89 C8 RZ
CEBA 21EICC LXI 11,RDM'SG
CEBD C374CB imp ERMSG

CECO ODOA0A4L9MSC1E: DB ODH OAH,OAH,'DISK TRACK READ ROUTINE'
CEDA 0DCA4C4iF41 DB ODHOAH,'LOAD SCRATCH DISK TYPE Y WHEN READY '0
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D00 ORG ODOOOH
UNIBUS PORT TEST
AND UBIBUS COMM. rEST COMBINED
AND SNAP-SHOT

PROM VERSION

DOO 218000 ENTRYI: LXI H,080H
D003 F9 SPHL ;SET STACK POINTER
D004 2104D0 ENTRY: LXI H,ENTRY
D007 E5 PUSH H
D008 F3 DI
D009 CDDAD2 CALL INITA ;RESET 1O
D00C 2184DO LXI H,MSGI ;OPENING MESSAGE
DOOF CD5OD2 CALL PMSG

;BEGINING OF TEST
0012 3E01 MVI A,O1H
D014 OE10 MVI C,IOH ;PORT UNDER TEST
DO16 D310 PORT1O: OUT 1OH
D018 47 mOV B,A ;SAVE TEST PATTERN
D019 DBIO IN 1OH ;READ BUSS
DOIB B8 CMP B ;COMPARE
DOIC C45FDO CNZ ERR ;CALL IF IN ERROR
'OF 07 RLC
D020 D216DO JNC PORTIO ;TEST FOR A COMPLETE CICLE

D023 3E01 MVI A,O1H
D025 0Ell MVI C,11H ;PORT 11
D027 D311 PORT11: OUT 11H
D029 47 mOV B,A ;SAVE PATTERN
DO2A DB11 IN 11H ;READ BUSS
D02C B8 CMP B ;C OMPARE
D02D C45FDO CNZ ERR ;CALL IF ERROR
D030 07 RLC
D031 D227DO JNC PORT11

D034 3E01 MVI A,O1H
D036 0E12 MVI C,12H ;PORT12
D038 D312 PORT12: OUT 12H
DO3A 47 MOV B,A ;SAVE TEST PATERN
D03B DB12 IN 12H
D03D B8 CMP B
003E C45FDO CNZ ERR
D041 07 RLC
D042 D238DO JNC PORT12

D045 3E01 MVI A,O1H
D047 0E13 MVI C,13H
D049 D313 PORT13: OUT 13H
D04B 47 MOV B,A
DO4C DB13 IN 13H
DOE 88 CMP B
DO4F C45FDO CNZ ERR
D052 07 RLC
D053 D249DO J NC PORT13

D056 21DSDO LXI H,MSG4 ;FINISHED MESSAGE
D059 CD5OD2 CALL PMSG
D05C C300FO JMP RENT ;RETURN TO MONITOR
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D05F C5 ERR: PUSH B ;SAVE EPROR FATTERN

0060 F5 P'SH A ;SAVE TESr PATTERN

D061 51 .. V D,C
D062 2198D0 LXI H,MSG2
D065 CD5OD2 CALL PMSG

D068 CD7BD2 CALL BINHA ;PRINT 2 DIGITS

D06B 21AEDO LXI H,MSGO ;ERROR MESSAGE
DO6E CD50D2 CALL PMSG

D071 78 mOV A,B ;LOAD TEST PATTERN

0072 CDSBD2 CALL BITS ;PRINT TEST PATTERN

D075 21D0 LXI HMSG3 ;MORE TE'T

D078 C50D2 CALL PMSG
T078 Fl POP A

D07C CD5BD2 CALL BITS ;PRINT ERRCR PATTERN

DO7F Cl POP B ;RESTDRE B AND C

D080 78 MOV A,B ;MOVE TEST PATTERN TO A

D081 37 STC
D082 3F CMC
D083 C9 RET

D084 OAOAOD554EMSGI DB OAH,OAH,ODH,IUNIBUS PORT TEST',O

D098 OAOAOD4552MSG2: DB OAH,OAH,ODH,'ERROR PORT NO. 'O

DOAE OAOD5'J553MSGO: DB OAH,ODH,'TEST PATTERN ,O

DOCi 0AOD141354MS03 DB OAH,ODH,'ACTJAL PATTERN ',0

DOD5 OAOAOD454EMSG4 DB OAH,OAH,ODH,'END OF TEST '0

FOOO RENT EQU OFOOOH ;MONITOR ENTRY

;UNIBUS COMMUNICATION TEST

D100 ORG ODl0OH
D100 :18000 ENTRY2: LXI H,080H
D103 F9 SPHL ;SET STACK
0104 CDDAD2 CALL INITA
D107 2107D1 ENTRY3: LXI HENTRY3
D1OA E5 PUSH H
D10B F3 DI
DIOC 2160D1 LXI HMSG5 ;OPENNING MEESSAGE
DiOF CD5OD2 CALL PMSG
D112 CDA2D2 CALL SBIN ;GET HEX CHAR
D115 D5 PUSH D ;SAVE ADDRESS
D116 2196D1 LX- H,MSG6 ;REQUEST MODE
D119 CD50D2 CALL PMSG
D11C CD22D2 TRYON: CALL CONIN
DliF FE49 CPI 'I'

D121 CA3EDI JZ PUTIN ;JUMP IF INPUT MAODE
0124 FEO3 CPI 03H ;TEST IF CONTROL C

D126 CAOFO JZ RENT ;RETURN TO MONITOR
D129 FE4F CPI '0'

D12B C257D1 JNZ QUEST

;OUTPUT MODE

D12E 21C7D1 PUTOUT: LXI H,MSG11 ;OUTPUT MESSAGE
D131 CD5OD2 CALL PMSG

D134 CDA2D2 CALL BBIN ;GET DIGITS TO OUTPUT
D137 Cl POP B ;RESTORE ADDRESS TO REG 8 & C
D138 CD08D3 CALL DATAO ;UNIBUSS DRIVER
D13B C34ED1 JMP DONE

D13E 21F1D1 PUTIN: LXI H,MSG9 ;INPUT MESAGE
D141 CD50D2 CALL PMSG

0144 Cl POP B ;RESTORE ADDRESS TO B & C
D145 CDFED2 CALL DATAI ;UNIBUS INPUT ROJTINE

D148 CD90D2 CALL BINS ;PRINT DATA FROM BUSS

D14B C34ED1 JMP DONE

DIE 2105D2 DONE: LXI H,MSGIO

D151 CD5OD2 CALL PMSG ;PRINT END OF TEST
D154 C307D1 JMP ENTRY3
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D157 21C2D1 QUEST: LXI HMSG7
D15A CD5OD2 CALL PMSG ; ??
D15D C31CD1 JMP TRYON

D160 OAOAOD554EMSG.: DB OAH,OAH,ODH,'UNIBUS COMMUNICATION TEST'
D17C OAOD454E54 DB OAH,ODH,'ENTER UNIBUS ADDRESS 'to
D196 0AOOD94LE5OMSG6: DB OAH,ODH,'INPUT (I), OUTPUT (0), EXIT (CONTROL C) ?',O
DIC2 OAOD203FOOMSG7: DB OAH,ODH,l ?',O
DIC7 OAOD454E54MSGII: DB OAH,ODH,,ENTER DATA TO OUTPUT IN 4 HEX DIGITS .,0
DIFI OA0D20444IMSG9: DB OAH,ODH,' DATA FROM BUS ,0
D205 OAOD545241MSG1O DB OAH,ODH,'TRANSFER COMPLETE',O

diagnostic input output routines
for brian donlan 26 feb 79

0003 = CSTAT EQU 3 ;CONSOLE STATUS PORT.
0003 = COOM EQU 3 ;CONSOLE COMMAND PORT.
0002 = CDATA EQU 2 ;CONSOLE DATA PORT.
0002 z CKBR EQU 00000010B ;KEYBOARD READY BIT.
0001 = CPTR EQU OOO00001B ;PRINT READY BIT.
0001 a CNULL EQU I ;CONSOLE NULL COUNT.

CHECK CONSOLE INPUT STATUS.

D219 DB03 CONST: IN CSTAT ;READ CONSOLE STATUS.
D21B E602 ANT CKBR ;LOOK AT KB READY BIT.
D21D 3EOO MVI A,0 ;SET A=O FOR RETURN.
D21F C8 RZ ;NOT READY WHEN ZERO.
D220 2F CMA ;IF READY A=FF.
D221 C9 RET ;RETURN FROM CONST.

READ A CHARACTER FROM CONSOLE.

D222 DB03 CONIN: IN CSTAT ;READ CONSOLE STATUS.
D224 E602 ANI CKBR ;IF NOT READY,

D226 CA22D2 JZ CONIN ;READY WHEN HIGH.
D229 DB02 IN CDATA ;READ A CHARACTER.
D22B D302 OUT CDATA
D22D E67F ANI 7FH ;MAKE MOST SIG. BIT 0.
D22F C9 RET

WRITE A CHARACTER TO THE CONSOLE DEVICE.

D230 3EOD CONOT: MVI AODH ;IF IT'S A CR,
D232 B9 CMP C ;THEN HOP OUT
D233 CA41D2 JZ CONUL ;TO NULL ROUTINE.
D236 DB03 CONOTI: IN CSTAT ;READ CONSOLE STATUS.
D238 E601 ANI CPTR ;IF NOT READY,
D23A CA36D2 JZ CONOTI ;READY WHEN HIGH.
D23D 79 MOV A,C ;GET CHARACTER.
D23E D302 OUT CDATA ;PRINT IT.
D240 C9 RET ;RETURN.
D241 C5 CONUL: PUSH B ;SAVE B&C.
D242 0601 MVI B,CNULL ;GET NULL COUNT.
D244 CD36D2 CONULI: CALL CONOT1 ;PRINT CR.
D247 EO0 MVI C,O ;GET NULL CHAR.
D249 05 DCR B ;DECREMENT COUNTER.
D24A C244D2 JNZ CONULI ;DO NEXT NULL.
D24D Cl POP B ;RESTORE B&C.
D24E 79 NOV A,C ;RESTORE A.
D24F C9 RET ;RETURN.
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PRINT MESSAGE JNTIL ZERO
MESSAGE ADDRESS REG H & L

D250 7E PMSG: MoV A,M ;GET CHAR
D251 B7 ORA A ;IS IT A ZERO
D252 C8 RZ
D253 4F MOV C,A ;OTHERWISE PRINT
D254 CD30D2 CALL CONOT
D257 23 INX H ;INC ADDRESSS
D258 C350D2 JMP PMSG

PRINT 8 BIT WORD IN BINARY FORMAT

INPur: DATA IN REG A

D25B 47 BITS: MOV BA ; DATA
D25C 3E80 MVI A,80H ; MASK
D25E OE30 OVER: MVI C,30H
D260 5F MOV E,A ; STORE MASK
D261 AO ANA B ; AND WITH MASK
D262 CA67D2 JZ PRNT ; JUMP IF ZERO
D265 OE31 MVI C,31H
D267 CD3DD2 PRNT: CALL CONOT
D26A AD ANA B ; ZERO CARRY
D26B 7B MOV A,E ; LOAD MASK
D26C IF RAR
D26D D25ED2 JNC OVER
D270 C9 RET

D271 OE20 BLNK: MVI C,20H ;PRINT BLANKS, # IN REG. D
D273 CD36D2 LP17: CALL CONOTI
D276 15 DCR D
D277 C273D2 JNZ LP17
D27A C9 RET

OUTPUTS 2 HEX DIGITS IN ASCCII
; FROM REG D

D27B 7A BINHA: MOV A,D
D27C 1F RAN
D27D IF RAR
D27E IF RAN
D27F iF RAR
D280 CD98D2 CALL BINI
D283 4F MOV C,A
D284 CD30D2 CALL CONOT
D287 7A MOV A,D
D288 CD98D2 CALL BINI
D28B 4F MOV C,A
D28C CD30D2 CALL CONOT
D28F C9 RET

OUTPUTS FOUR HEX DIGITS IN ASCII
ENTER WITH DATA IN REG PAIR E AND D

D290 CD7BD2 BINB: CALL BINHA
D293 53 MOV D,E
D294 CD7BD2 CALL BINHA
D297 C9 RET
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CONVERTS HEX TO ASCII
INPUT: 4 BITS HEX REG A
OUTPUT: 8 BIT ASSCII REG A

D298 E60F BIN1: ANI OFH
D29A C630 ADI 30H
D29C FE3A CPI 3AH
D29E D8 RC
D29F C607 ADI 07H
D2A1 C9 RET

INPUTS 4 DIGITS FROM CONSOLE
RETURN; 4 HEX DIGITS IN REG E-D

D2A2 CD22D2 BBIN: CALL CONIN
D2A5 CDD1D2 CALL AHS1
D2A8 17 RAL
D2A9 17 RAL
D2AA 17 RAL
D2AB 17 RAL
D2AC E6FO ANI OFOH
D2AE 57 NOV D,A
D2AF CD22D2 CALL CONIN
D2B2 CDD1D2 CALL AHS1
D2B5 E60F ANI OFH
D287 82 ORA D
D2B8 57 MOV D,A
D289 CD22D2 CALL CONIN
D2BC CDDID2 CALL AHSI
D2BF 17 RAL
D2CO 17 RAL
D2C1 17 RAL
D2C2 17 RAL
D2C3 E6FO ANI OFOH
D2C5 5F MOV E,A
D2C6 CD22D2 CALL CONIN
D2C9 CDD1D2 CALL ANS1
D2CC E60F ANI OFH
D2CE B3 ORA E
D2CF 5F NOV E,A
D2DO C9 RET

CONVERT ASCII TO HEX
INPUT; 8 BIT ASCII REG A
OUTPUT: 4 BIT HEX REG A

D2D1 00 AHSI: NOP
D2D2 D630 SUI 30
D2D4 FEOA CPI OAH
D2D6 D8 AC
D2D7 D607 SuI 07H
D2D9 C9 RET
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* INITIATE Sio PORTS

D2DA 3EAA INITA: MVI A,OAAH ;GET DUMMY MODE WORD
D2DC D303 OUT cSTAT ;OUTPUT IT
D2DE 3EO MVI A,4OH ;GET RESET BIT
D2EO D303 OUT CSTAT ;RESET SIO BOARD
D2E2 3ECE MVI A,OCEH ;GET REAL MODE WORD
02E4 0303 OUT CSrAT ;SET THE MODE FOR REAL
D2E6 3E37 MVI A,37H ;GET THE COMMAND
D2E8 D303 OUT csrAr ;OUTPUT IT
D2EA C9 RET

D2EB OEOD CRLF: MVI C, 13 ;CR
D2ED CD30D2 CALL CONOT
D2FO OEOA LF: NVI C, 10 ;LF
D2F2 CD36D2 CALL CONOTI
02F5 OETF MVi C,7FH
D2F7 CD36D2 CALL CONOTT
D2FA CD30D2 CALL CONOT
D2FD C9 RET

D2FE CD91D3 DATAI: CALL GETBUS
D301 CD12D3 CALL DATI
0304 97 SUB A
D305 D315 OUT 15H
D307 C9 RET

308 CD91D3 DATAO: CALL GETUS
D308 CD5ID3 CALL DATO
V30E 97 SUB A
D3OF 0315 OUT 15H
D311 C9 RET

;ROUTINE TO INPUT A 16 BIT WORD FROM UNIBUS
;REG B m A<16:09>, REG C = A(08:01>
;DATA WILL BE CONTAINED IN REG D z D<15:08>, REG C D<07:00>

D312 3EFF DATI: MVI A,OFFH ;SET LOOP COUNT
D314 328200 STA BIZCNT
D317 D814 BIZLP1: IN 14H ;CHECK FOR SYS z 0
D319 E604 ANI 04H ;FROM LAST TRANSACTION
D318 C2A2D3 JNZ BBUSYI

D31E 78 NOV A,B ;OUTPUT HIGH ADDRESS
D31F D310 OUT 10H
D321 79 NOV A,C ;OUTPUT LOW ADDRESS
0322 D311 OUT 11H
D324 97 SUB A ;OUTPUT C1=O
D325 0314 OUT 14H
V327 F601 ORI 01H ;OUTPUT MSYNz1
0329 D314 OUT 14H

D329 3EFF SYNLPI: NV! A,OFFH ;LOOP COUNT
032D 328100 STA SYNCNT
D330 DB14 DILOOP: IN 14H ;CHECKS IF SSYNsI
0332 D3FF OUT OFFH
0334 E604 ANI 04H
P336 CACBD3 JZ NOSYNI
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D339 D12 I? 12H ;INPUT HIGH DATA
D33B 57 NOV , AD33C DB13 IN 13H ;INPUT LOW DATA
D33E 5F mOV E,A

D33F 97 SUB AD340 D314 OUT 14H ;CLEARS MSYND342 D310 OUT 1OH ;AND EVERITHINGD344 D311 OUT 11H ;PUT OUT TO BUSD346 D312 OUT 12H
D348 D313 OUT 13H
D34A DFF IN OFFH
D34C 87 ORA A ;SET FLAGSD34D C212D3 JNZ DArI ;LOOP IF SENSE SWITCH UPD350 C9 RET

;ROUTINE TO OUTPUT A 16 BIT WORD ON THE UNIBUS
;REG B = A<16:O9>, REG C = A<O8:O1>
;REG D = D<15:08>, REG E = D<07:00>

D351 3EFF DATO: MVI A,OFFH
D353 328200 STA BIZCMTD356 D814 BIZLP2: IN 14H
D358 E604 ANI 048
D35A C2B5D3 JNZ BBUSY2

D35D 78 NOV A,B ;OUTPUT HIGH ADDRESSD35E D310 OUT 10HD360 79 NOV A,C ;OUTPUT LOW ADDRESSD361 D311 OUT 11H
D363 7A NOV A,D ;OUTPUT HIGH DATAD364 D312 OUT 12H
D366 7B NOV A,E ;OUTPUT LOW DATAD367 D313 OUT 13HD369 3E02 mVI A,O2H ;OUTPUT C1=1D36B D314 OUT 14H

D36D 303 NVI A,03H ;OUTPUT MSYN=1
D36F D314 OUT 14H

D371 3EFF SYNLP2: MVI A,OFFH
D373 328100 STA SYNCHTD376 DB14 DOLOOP: IN 14H ;CHECKS FOR SSYN
D378 D3FF OUT DFFHD37A E604 ANI 04H ;TO GET ASSERTED
D37C CAF8D3 JZ NOSYN2

D37F 97 SUB AD380 D314 OUT 14H ;CLEARS MSYN AND ClD382 D310 OUT IHD384 D311 OUT 11H ;CLEARS EVERYTHINGD386 D312 OUT 12H ;OUTPUT TO THE BUSD388 D313 OUT 13HD38A DBFF IN OFFH ;READ SENSE SWITCHD38C 97 ORA A ;SET FLAGSD38D C251D3 JNZ DATO ;LOOP IF UP
D390 C9 RET

D391 3EFF GETBUS: NVI A,OFFH
D393 328000 STA GETCNT
D396 3E01 MVI A,O1HD398 D315 OUT 15H
D39A DMIS LOOP: IN 15H
D39C E601 ANI O1
D39E CAOCD JZ NOGET
D3A1 C9 RET
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*ON-LIN4E UI4IB'OS DIAGNOSTICS
BY BRIAN DONLAN 24 APR 79

-)3A2 3A8200 BBUSYI: LOA BIZCNT ;LOOP COURTD2A5 3D OCR A
03A6 328200 STA BIZCNT ;NEW COUNTD3A9 C217D3 .1HZ BIZLPI ;JUMP IF STILL COUNTD3kC 213ED4 LXI H,ERMSG2
D3AF CD50D2 CALL PMSG ;DISPLAY ERROR MESSAGE0382 C307DI imHp E~fTRY3

03B5 31k8200 BBUSY21 LOA BIZCHT
D388 3D DCR A
D3B9 328200 STA BlzcHT
D38C C256D3 JNZ BIZLP2
D38F 213ED4 LXI H,ERMSG2
))3C2 C05002 CALL PMSG
D3C5 C307DI imp ENTRY3

D3CS 3A8100 NOSYNI: LOA SYNCH?
03CR 3D DCR A
D3CC 328100 5TA SYNCNT
D3CF C23003 JNZ DILOOP
0302 D8FF IN OFFH
0304 E640 ANI 040H
0306 C230D3 JHZ DILOOP
0309 50 SYSERR: MOV D,B
D3DA 59 NOV E,c ;MOV ADDRESS FOR OUTPUT0308 215804 LXI H,ERMSG3
ON0E CD50D2 CALL PMSG
D3E1 CD90D2 CALL 81MB ;OUTPUT ADDRESSD3EI 216804 LXI H,ERMSG4
03E7 CD50D2 CALL PHSG
03EA AF XRA A ;ZERO A
D3EB D311 OUT 11H
03ED 0312 OUT 12K
03EF D313 ouT t3K
D3F1 D314 ouT 14H
D3F3 D310 OUT 10K
D3F5 C307Dl imp ENTRY3

DIF8 3AS100 NOSYN2: LDA SYNCH?
D3FB 3D DCR A
D3FC 328100 STA SYMCNT
03FF C276D3 3HZ DOLOOP
0402 08FF lIN OFFH
D404 E640 ANI 0)40H
0406 C276D3 3HZ DOLOOP
DM109 C3D9D3 JMP SYSERR

D40C 3AS000 NOGET: LOA GETCur
D40F 3D DCR A0410 328000 STA GETCH?
0413 C29AD3 3HZ LOOP
0416 211FD4 LXI H,ERNSG1
D419 CD50D2 CALL PXSO
D41C C307D1 imp EXTRY3

0060 a GEYCUT: KQ)U 0509
0081 z SYNCH?: EQU 081K
00682 a bIZCT: IOU 082K
041F O0D0A202ogRpq5G1: 03 00K.OH.OAH,t IMSAI CAN NOT GET BUSS S.0D43E 00D0DA2020ERq5G2: Do ODK,ODM,OAH,# ERROR BUSS BUSY100453 ODOA202O114ERMSG3: De 00M,OAH,' DEVICE No. 1,00463 2

0XE4F2052ERM5G4: D9 00N RESPONSE 1,0
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; UNIBS SNAP SHOT ROUTINE0500 ORG 0500HD500 2100F0 ENTR'" LXI H,OFOOOHD503 E5 PUSH HD504 F3 DID505 CDDAD2 CALL INITA ;RESET I/O

;SUBROUTINE ENTRY POINTD508 216BD5 ENTRY5: LXI H,MSG12
D50B CD5OD2 CALL PNSGDSE DBIO IN IOH ;NIG ADDRESS0510 57 NOV D,A ;SAVE IN DD511 DBl IN 11H ;LOW ADDRESS0513 5F NOV E,AD514 CD90D2 CALL BINS ;PRINT UNIBUS ADDRESS
D517 1608 MVI 0,OSH ;SPACE OVERD519 CD71D2 CALL BLNKD51C D812 IN 12H ;HIGH DATADS1E 57 mOV D,AD51F D813 IN 13H ;LOW DATA BITSD521 5F MOV E,AD522 CD9OD2 CALL BINS ;PRINT UNIBUS DATA BITSD525 1608 MV1 D,OBH ;SPACE OVERD527 CDTID2 CALL BLNK
D52A DBl IN 14H ;STATUS PORTD52C E604 ANI 04H ;FIND SLAVE SYND52E CA36D5 iZ NOSISD531 0E31 NVI C,'1'D533 C338D5 JP OUTSISD536 OE30 NOSIS: MVI C,'O'D538 CD30D2 OUTSIS: CALL CONOT ;PRINT SLAVE SYND538 1609 NVI D,09 ;SPACE OVERD53D CD71D2 CALL BLNK
D540 DB15 IN 1514 ;STATUS PORTD542 E601 ANI 01H ;BUS GRANTD544 CA4CD5 Jz NOBus
5147 OEp1 MVI C,'I'D549 C34ED5 JMP OUTBUS
D54C OE3O NOBUS: mVI C! ,D54E CD3OD2 OUTBUS: CALL COROT ;PRINT BUS GRANTD551 160B 4VI D,08H ;SPACE OVER0553 CD71D2 CALL BLNK;

D556 D114 IN 14HD558 E600 ANI OO1D55A CA62D5 Jz NONSYN055D 0E31 NVI CI'D5SF C36D5 JmP OUTMSND562 OE30 NOMSYN: NVI C,'0'D564 CD30D2 OUTHSN: CALL COROT ;PRINT MSYND567 C9 REr0568 C36805 FINIS: JNP FINIS
D56B 0AOAOD 554ESG12: D OAH,0AH,0DH,'UNIBUS SNAP-SHOTD580 OAOD414444 OAfl,ODH,*ADDRESS DATA SSYN GRANT "SYN'D5B4 OAOD2O20oo DB OAH,ODH,t ',0
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;BK MINI MEMORY TEST

BRIAN DONLAN
PROM VERSION

D600 ORG OD600H
D600 F3 ENTER: DI
D601 3EFE MVI AOFEHD603 D3FF OUT OFFH ;OUTPUT PHASE I LITESD605 210000 LXI H,OOOH ;START ADDRESSD608 AF LP2: XRA A ;ZERO ACCD609 77 LPI: NOV MA ;STORE TEST PATTERN IN HEM.D60A 46 MOV B,N ;READ BACK TO BD608 88 CMP B ;COMPARE FOR OKD60C C26DD6 JNZ ERRI ;JUMP IF ERRORD60F 3C INR A ;NEW TEST PATTERN
D610 C209D6 JNZ LP1

D613 23 INX HD614 1100EO LXI DOEOOOH ;STOP ADDRESS
D617 EB XCHG
D618 19 DAD D ;ADD TWO'S COMPLIMENT
D619 EB XCHG
D61A D208D6 JNC LP2

PHASE ID61D 3EFD NVI AOFDH ;PHASE II LITES
D61F D3FF OUT OFFH
D621 210000 LXI H,0OOH
D624 74 LP3: MOV MH ;LOW ADDRESS TO MEM
D625 23 INX H
D626 1100E0 LXI DOEOOOH ;STOP ADDRESS
D629 EB XCHG
062A 19 DAD D
D62B EB XCHG
D62C D22'D6 JNC LP3

; READ MEMORY
062F 210000 LXI H,OOOH
D632 7E LP: MOV A,M ;READ MEMORY
D633 94 SUB H ;COMPARE
D634 C293D6 JNZ ERR2 ;JUMP IF ERROR
D637 23 INX H
D638 1100E LXI D,OEOOOH
D630 ES XCHG
D63C 19 DAD D
D63D EB XCHG
D63E D23296 JNC LP4

PHASE III

D641 3EFC MVI AOFCH
0643 D3FF OUT OFFH ;PHASE THREE LITES
0645 210000 LXI H,OOOHD648 75 LP5: mOV M,L ;STORE HIGH ADDRESS IN ALL MEMD649 23 INX H
064A 1100GE LXI D,OEOOOH
D64D EB XCHG
D614 19 DAD D
D6F EB XCHG
D650 D248D6 JNC LP5

;READ MEM
D653 210000 LXI H.OOOH
D656 7E LP6: NOV A,m ;READ MEMORY
D657 95 SUB L ;COMPARE
D658 C29FD6 JNZ ERR3
0658 23 INX H
D65C 1100E0 LXI D,OEOOOH
D65F ED XCHG
0660 19 DAD D
0661 EB XCHG
0662 025606 JUC LP6
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D EALL PHASE COMPLETED665 3EFF mVI A,OFFHD667 2100D6 LXI H,ENrERD66A C3ABD6 JMP LzTES ;GO TO LITES PROG

;PHASE I ERROR
D66D EB ERRI: XCHGD66E 4F NoV C,A ;SAVE BAD DATAD66F 2177D6 LXI H,COMERR ;RETURND672 3EFl MV! A,OF1H ;PHASE I ERROR LITESD674 C3ABD6 JMP LITES

;COMMON ERROR OUTPUT ROUTINE06T7 7A COMERR: moV A,D ;HIGH ADDRESSD678 217ED6 LXI H,LOADD ;RETURND67B C3ABD6 JmP LITESD67E 7B LOADD: MOV A,E ;LOW ADDRES TO LITESD67F 2185D6 LXI H,TPAT ;RETURND682 C3ABD6 JmP LITESD685 79 TPAT: MOV A,C ;TEST PATTERN TO LITESD686 218CD6 LXI H,ACTDAT ;RETURND689 C3ABD6 JmP LITESD68C 78 ACTDAT: MDV AB ;ACTUAL DATA TO LITES0680 210006 LI~ H,ENTER ;START OVERD690 C3ABD6 JmP LITES

PHASE II ERRORD693 EB ERR2: XCHGD694 82 ADD D ;SAVE BAD ADDRESS
D695 47 7OV BA
D696 4A NoV C,D
D697 3EF2 MVI A,OF2H ;PHASE II ERROR TO LITES
D699 2177D6 LXI H,COMERR ;RETURND69C C3ABD6 iMP LITES

PHASE III ERRORD69F EB ERR3: XCHG ;SAVE BAD ADDRESSD6AO 83 ADD E
D6A2 47 mOV B,AD6A2 4B NoV C,ED6A3 3EF3 MVI A,OF3H ;PHASE II ERRO TO LITES
D6A5 2177D6 LXI H,COKERR ;RETURND6A8 C3ABD6 JMP LITES

;LITES ROUTINE ENTER WITH RETURN IN REG H&L
D6A; 2F LITES: CMA DATA FOR LITES IN AD6AC D3FF OUT OFFH ;OUTPUT LITESD6AF F9 SPHL ;SAVE RETURN IN SPD6AF DBFF ZN O7F14 ;READ SENSE SWITCHESD6B1 67 NoV H,A ;SAVE IN HD6B2 DFF LP7: IN OFFH ;READ SWITCHESD685 AC XRA H ;SEE IF THEY CHANGED0685 CA82D6 JZ LP7D6B8 2118FC LXI HOFCIBH ;DELAY LOOPD6BB 23 LPS: INI H
D6BC AF XRA A
D63D B4 ORA HD6BE C28BD6 JNZ LP8D6C1 210000 LXI H,0 ;ZERo H06C 39 DAD sp ;MOVE RETURN BACK TO H A LD6C5 E9 PCHL ;RETURN
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24K MINT-MEMORY TEST
PROM VERSION

BRIAN DONLAN
D700 ORG OD700H
D700 F3 ENTER2: DI
D701 3EFE MVI A,OFEH
D70] D3FF OJT OFFH ;OUTPUT PHASE I LITES
D705 210000 LXI H,OOOH ;START ADDRESS
D708 AF LP22: XRA A ;ZERO ACC
D709 77 LP12: MOV M,A ;STORE TEST PATTERN IN MEM.
D7OA 46 MOV B,M ;READ BACK TO B
D7DB B8 CMP B ;COMPARE FOR OK
D7OC C26DD7 JNZ ERR12 ;JUMP IF ERROR
D70F 3C INR A ;NEW TEST PATTERN
D710 C209D7 JNZ LP12
D713 23 INX H
D714 1100A0 LXI D,OAOOOH ;STOP ADDRESS
D717 EB XCHG
D718 19 DAD D ;ADD TWO'S COMPLIMENT
D719 EB XCHG
D71A D208D7 JNC LP22

PHASE II
D71D 3EFD MVI A,OFDH ;PHASE II LITES
D71F D3FF OUT OFFH
D721 210000 LXI H,OOOH
D724 74 LP32: MOV M,H ;LOW ADDRESS TO MEN
D725 23 INX H
D726 1100AD LXI D,OAOOOH ;STOP ADDRESS
D729 ES XCHG
D72A 19 DAD D
D728 ED XCHG
D72C D224D7 JNC LP32

READ MEMORY
D72F 210000 LXI H,OOOH
D732 7E LP42: NOV A,M ;READ MEMORY
D733 94 SUB H ;COMPARE
D734 C293D7 JNZ ERR22 ;JUMP IF ERROR
D737 23 I.AX H
D738 110OAO LXI D,OAOOOH
D738 ED XCHG
D73C 19 DAD D
D73D ED XCHG
D73E D232D7 JNC LP42

PHASE III

0741 3EFC MVi A,OFCH
D743 D3FF OUT OFFH ;PHASE THREE LITES
D745 210000 LXI H,OOOH
D748 75 LP52: MOV M.L ;STORE HIGH ADDRESS IN ALL MEN
0749 23 INI H
D74A 1100AO LXI D,OAOOOH
D74D ED ICHG
D74E 19 DAD D
DT4F ED ICHG
0750 D248D7 JNC LP52

;READ MEN
D753 210000 LXI H,OOOH
0756 7E LP62: NOV A,M ;READ MEMORY
D757 95 SUB L ;COMPARE
D758 C29FD7 JNZ ERR32
D7SB 23 INX H
D75C 11OOAO LXI D,OAOOOH
D75F ED XCHG
D760 19 DAD D
D761 ED XCHG
0762 D256D7 JNC LP62
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ALL PHASE CCMPLErED765 3EFF mvI A,OFFHD0'? 210007 LXI H,FNTER2-75A C3ABD7 JP LlTES2 ;GO TO LITES PROD

;PHASE I ERROR0760 EB ERR12: XCHGD'6E 4F mOV C,AD76F 2177D7 LXI H,COMER2 ;SAVE BAD DATAD772 3EF1 MVi A,OF1H ;PHASE I ERROR LITES0774 C3ABD7 
JMP LIrES2

;COHMON ERROR OUTPJT ROUTINEZ777 7A COMER2: MOV A,D ;H!GH ADDRESSO'78 217ED7 LXI H,LOADD2 ;RETURN
D77B C3ABD7 JMP LITES2D?7E 78 LOADD2: MOV A,E ;LOW ADORES TO LITESD77F 218507 LXI H, TPAT2 ;RETURND782 C3ABD7 JMP LIrES2D785 79 TPAT2: MOV A,C ;TEST PATTERN TO LITESD786 218CD7 LXI H,ACTDA2D789 C3ABD7 JP LITES2D78C 78 ACTDA2: MOV A,8 ;ACTUAL DkTk TO LITESD7D 2100D7 

LXI H,ENTER2D790 C3ABDT JMP LITES2 ;START OVER

PHASE II ERROR793 EB ERR22: XCHGD79" 82 ADD D ;SAVE BAD ADDRESS0795 47 MOV B,AD796 4A MOV C,DD797 3EF2 MVI A,OF2H ;PHASE I! ERROR TO LITESD799 2177D7 LXI H,COMER2 
;RETURND79C C3ABD7 JMP LITES2

PHASE III ERRORD
7
9F EB ERR32: XCHG ;SAVE BAD ADDRESSD7AO 83 

ADD E07AI 47 MOV B,AD7A2 4B MOV C,ED7A3 3EF3 MVI A,OF3H ;PHASE II ERRO TO LITESDA5 217707 LXI H,COMER2 ;RETJRXD7A8 C3ABD7 JMP LITES2

;LITES ROUTINE ENTER WITh RETURN IN REG H&LDAB 2F LITES2: CMA DATA FOR LITES IN AD7AC D3FF OUT OFFH ;OUTPUT LITES07AE F9 SPHL ;SAVE RETURN IN SPD7AF DBFF IN OFFH ;READ SENSE SWITCHES
D7B1 67 NOV H,A ;SAVE IN HDTB2 0BFF LP72: AC 

OFFH ;READ SWITCHES
735 CAD XRA H ;SEE IF THEY CHANGED

D7B5 CABZD7T JZ LP72D7B8 211BFC LXI H,OFCIBH 
;DELAY LOOPD7BB 23 LP82: INK HDTBC AF XRA A07B0 84 ORA N78E C2BBD7 JuZ LP82D7Cl 210000 LXI H,O ;ZERO H7C5 39 DAD sp ;MOVE RETURN BACK TO H & L;RETURN

137



8080 MONITOR V1.9

3 PROGRAMNERt C. E. OHME
3 (415)657-8326

3 SYSTEM CONFIGURATION INTERFACE

F600 SCP EQU OF600H
F601 IOTAB EQLJ SCP

F60ADSCS EQLI SCP+48
F633 ADSCR EQU SCp+51
F636 ADIOB EQU SCP+5A
F639 ADUST EQLJ SCP+57

3 ASCII CH(ARACTERS

00DCR EQU ODH
004A LF EQU DAH

F00ORG BF060H

3 EXTERNALLY REFERENCED SUBROUTINE
3 JUMP TABLE

F~aO C3.,4FO imp BEGIN
F003 C3D6F3 imp CI
Fa46 C3EJFO imp RI
F009 C3DIFa imp CO
FOOC C3E5FJ imp PO
FBOOF C3LAFJ imp Lo
F012 C3DSFJ iJmp CSTS
Fa15 C30EFI imp IOCHC
FJ18 C315F1 imp IOSET
Fa1B C3B1FI imp MEMCK
FO~IE C31EFI imp STRNG
FJ21 OEaO REE.NTi MVi O
F023 21000J3 LXI Ho0

F024 ~ ORG S2

Fa26 LIFFOG LXI D,OFFN
F029 C3EAF6 imp INITA
F02C EB XCHG
F02D d615 KVI BPENDX-EXIT-1
F02F 1176Fa LX1 D.ENDX-1
F@32 LB BGlg OCX D
F033 IA LDAX D
F03& 2d DCX H
F035 77 NOV MPA
F336 35 OCR B



F037 C232F0 JNZ BGI
F03A F9 SPHL
F03B CD39F6 CALL ADUST
F03E E5 PUSH H
F03F 2600 MVI H00
F041 E5 PUSH H
F042 E5 PUSH H
F043 E5 PUSH H
F044a 79 MOV AC
F045 B7 ORA A
F046 CA4EF0 JZ BG2
F049 CD36F6 CALL ADIOS
F04C 3600 mVI Moo
F04E 2140F7 BGg$ LXI H, TITLE
F051 CDIEFI CALL STRNG
F054 B7 ORA A

J COMMAND RETURN POINT

F055 D266FO CMNDRs JNC START

$1 ERROR RETURN

F058 CD33F6 LERS CALL ADSCR
F05B IIE3FF LXI D,EXIT-ENDX-7
F05E 19 DAD D
F05F F9 SPHL
F060 219DF0 LXI H, ERM
F063 CDIEFI 'CALL STRNG

I INPUT AND EXECUTE NEXT COMMAND

F066 FB START: El
F067 CD46FI CALL CRLF
F06A 0E2E MVi C,'.'

F060 CDDIFO CALL CO
F06F CD2FFl CALL TI
F072 D641 SUI 'A'
F074 FA58F8 iM LER
F077 FE18 CPI IXP-@At+l
F079 F258F0 jp LER
F07C 87 ADD A
F07D 2155F0 LXI H CMNDR
F080 ES PUSH H
F081 219FF0 LXI HTBL
F084 1600 MVi D.0
F086 5F MOV E*A
F087 19 DAD D
F088 7E MOV AM
F089 23 INX H
F08A 66 MOV HPM
F483 6F NOV LvA
F08C0 E02 MVI C,2
F05E E9 PCHL
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F08F ODOA4D4F VERS: DB CRPLF,MONITOR VI.'.#'O' OR 80H
F093 JE49544F
F097 52205631
F09B3 2EBO
FJ9D OAAA ERM: D3 LF,'*' OR 30H

SCOMMAND JUMP TABLE

F09F 77F2 TBLs DV ASSIGN
FOAl COF2 DV BIN
F0A3 AOF3 DW HEXN
FOAS ICF3 DV DIS?
FOA7 59FO DW LER
FaA9 3CF3 DV FILL
FOAB 4CF3 DW GOTO
p'IAD 00F8 DW HELP

FOAF 58FO DW LER
FOS I 58FO DIO LER
F0a3 BCF3 DW XOPY
F05B5 C6F3 DW LOAD
FOB7 OCF4 DV MOVE
F0a9 IEF4 DV NULL
FOBB 58FO DV LER
FOBD 58FZ DW LER
FWBF 58FO DW LER
FOCI 23F4 DW READ
FOC3 89F4 DV SUBS
FOC5 GOFO lylJ TEST
FOC? 58FO DW LER
FOC9 58FO DV LER
FZCB BIF4 DV WRITE
F0CD 3DF5 DV x

SUTILITY SUBROUTINES

FOCF OE20 BLK: mvi Ca,

FODI CDEFFO cot CALL IOSR
FODI4 0110 Da 1.010H

FaD6 CDEFFO C1: CALL IQER
FOD9 0108 DB 1.08

FODB CDEFFO CSTS: CALL IOBR
FODE 0100 DB. 100

FOEO ODEFF3 RI: CALL IOBR
FIOE3 0418 DB 4.,188

FaE5 CDEFFO Pot CALL IOBR
FOEB 0320 DB 3,p208
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FOEA CDEFFO LOs CALL IOBR
FOED 0228 DB 2.#2$H

FOEF E3 10BRS XTHL
FOFO CS PUSH 13
FOFI 46 NOV BN
FOF2 23 INX H
FOF3 4Z NOV Cam
F&OF4 CD36F6 CALL ADIOS
FOF7 7E NOV A*N
F0F8 OF RRC
F0F9 07 lOBS RLC
F3FA 07 RLC
FOFB OS DCR B
FOFC C2F9FO JNZ 1031
F0FF £606 ANI 6
Flal 81 ADD C
F102 4F NOV CoA
F103 210076 LXI HPIOTAB
F106 09 DAD B
F107 7E NOV APM
F108 23 INX H
F109 66 MOV H,?!
FIZA 6F NOV LoA
FIOB Cl POP B
FIJC E3 XTI{L
FlOD 09 RET

10 C XX
FlOE E5 PUSH H
7107 CD36F6 CALL ADIOS
F112 7E NOV A.- M
F113 El POP H
F114 09 RET

£0 SETt
F115 E5 PUSH H
F116 F5 PUSH P5W
k'117 CD36F6 CALL ADIOB
FLIA 71 NOV Mac
FIIB 71 POP P5W
FILC El POP H
FILD 09 RET

ST RNG a
F11£ 7E NOV A,?!
FIIF E67F ANI 7FH
F121 08 RZ
F122 4F NOV C.A
F123 7E NOV A,?!
7124 B7 ORA A
F125 FADlFO .1? Co
F128 CDDIFO CALL CO
F128 23 INX H
F12C 031EFI imp STRNG
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TI:
k12F CDD6F3 CALL CI
F132 E67F ANI 7FH
F134 C5 PUSH B
F135 4F MOV CA
F136 CDDIFO GALL Co
F139 79 NOV A.C
F13A Cl POP B
F138 09 RET

CONS
F13C E60F ANI OFH
FI3E C690 ADI 90H
F140 27 DAA
F141 CE40 ACI 40H
F143 27 DAA
F144 4F NOV CPA
F145 C9 RET

CRLFs
F146 OEOD HV! C*CR
F148 CDDIFO CALL CO
F14B OEOA mvi C*LF
F14D C3DIFO JmP CO

EXPRI3
FI50 OEOI MvI Co

EXPRZ
F152 210000 LXI HJ0000H
F155 CD2FFI EXO: CALL TI
F1SS 47 EXIt NOV B.A
F159 CDDOFI CALL NIBBL
F15C DA68FI JC EX2
FI5F 29 DAD H
F160 29 DAD H
F161 29 DAD H
F162 29 DAD H
F163 B5 ORA L
F164 6F NOV L.A
F165 C355FI JMP EXO
F168 E3 EX2; XTHL
F169 ES PUSH H
FI6A 78 mOV APB
F16B CDESFI CALL P2C
FI6E D276FI JNC EX3
F171 OD DCR C
F172 C258F0 JNZ LER
F175 C9 RET
F176 C258FO EX3: JNZ LER
F179 OD DCR C
FI7A C252F1 JNZ EXPR
F170 C9 RET

EXFt
FI7E OEOI MVI C,!
F180 210000 LXI HPOO000
F183 C358F1 JmP EXI
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HILO,
F186 23 XNX H
FL87 7C NOV Ap H
F188 ss 0 RA L
F189 37 STO
FI8A C 8 RZ
F18B 78 NOV AsE
FISC 95 SUB L
F18D 7A NOV Ap D
F18E 9C 588 H
F18F 0o RET

LADA:
F190 70 NOV a
F191 CD95FI CALL LBYTE
F194 7D NOV A.L

LBYTE&
F195 F5 PUSH PSW
F196 OF RRC
F197 OF RRC
F198 OF RRC
F199 OF RRC
F19A CD9EFl CALL HXD
FI9D F1 POP PSV

HXD:
F19E CD3CF1 CALL CONy
FlAl C3DIF0 imp CO

LEADS:
FIA4 0604 MV! P

LEAD:
FIA6 OEOO NV! 0,0O
FlA8 CDE5FO CALL p0
FIAB 05 DCR B
FIAC C2A6FI JNZ LEAD
FIAF 87 ORA A
FIBO C9 RET

MEMO K:
FIBI ES PUSH H
FIB2 DS PUSH D
F133 CD33F6 CALL ADSCR
FIB6 £8 XCHG
F137 210000 LXI H,.O
FIBA 24 MEMO:t INR H
FIBS 7E NOV ApM
FIBC 2F Ct4A
FISD 77 MOV I1,A
FIBE BE CMP N
FIBF 2F CMA
FICO 77 NOV MPA
FIC! CABAFI JZ MEMO
FIC4 2B DCX H
FICS 44 MOV B,H
FIC6 7C NOV AvH
FIC7 BA CM? D

143~



FIC8 3ECO iv I A* 6COk(
FICA D I POP D
FICB El POP H
T1CC C8 RZ
FaiCb 3EFF MV I A, OFH
F1CF C9 RET

NI SBI:
F:.DO0D630 SUE o
FID2 D8 R
F:.D3 C6E9 AD!
FID5 b8 RC
FID6 C606 AD! 6
?FtD8 F2DZFl- jp Nie
FIDS C607 AD! 7
-..DD Da8R
.-.DE C60A N101 ADI 1
7 .. IZ .37 ORA A
7'.-:, 1C9 RET

PCMKt
F..E2 CD2FFl CALL TI

P2Cs
F1-75 FE20 CPI
.E7 C8 RZ
T2Z6 FE2C CPI go
'ZEA C8 RZ
T!ES FEOD CPI CR
-.ED 37 STC

,EPZ 3F Clec
'.FO C9 RET

3 BREAKPOINT ENTRY POINT

FJIFI ES RESTRTt PUSH H
FI.F2 DS PUSH D
F1F3 C5 PUSH B
4- 1F4 F5 PUSH PS5'61
F'IF5 CD33F6 CALL ADSCR
FJIFS LLESFF LXI DPEXIT-LrNDX.1
FIFB 19 DAD D
FLFC LB XCHG
FLFD 21OA00 LXI HoM0AH
F200 39 DAD SP
F201 0604 MV! BP4
F203 EB XCHG
F204 2B RST~s DCX H
F205 72 NOV M*D
7206 2B DCX H
F207 73 NOV MoE
F206 DL POP D
F209 05 DCR a
F20A C204aF2 ~ JNZ RSTO
F20D Cl POP B
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F20E OB DCX B
F20F F9 SPHL
F21.0 211400 LXI HvTLOC
F213 39 DAD SP
F214 7E NOV A*M
F215 91 SUB C
F216 23 INX H
F217 C21FF2 JNZ RSTI
F21A 7E MOV AoM
F21a 90 SUB B
F21C CA2DF2 Jz RST3
F21F 23 RSTI& INX H
F220 23 INX H
F221 7E NOV A*M
F222 91 SUB C
F223 C22CF2 JNZ RST2
F226 23 INX H
F227 7E NOV AM
F228 90 SUB B
F229 CA2DF2 JZ RST3
F22C 03 RST2t INX B
F22D 210F00 RST3: LXI HLLOC
F230 39 DAD SP
F231 73 NOV Z1,E
F232 23 INX H
F233 72 NOV mD
F234 23 INX H
F235 23 INX H
F236 71 NOV MiC
F237 23 INX H
F238 7a NOV MvB
F239 C5 PUSH B
F23A 219DF0 LXI HERM
F23D CDIEFI CALL STRNG
F240 El POP H
F241 CD90FI CALL LADR
F244 211400 LXI H, TLOC
F247 39 DAD SP
F248 1602 HVI D,2
F24A 4E RST4, NOV C.M
F24B 3600 NVI Mo0
F24D 23 INX H
F24E 46 NOV BM
F24F 3600 NVi M,0
F251 23 INX H
F252 79 MOV A,C
F253 B0 ORA B
F254 CA59F2 JZ RST5
F257 7E NOV AN
F258 02 STAX B
F259 23 RSTS: INX H
F25A 15 DCR D
F25B C24AF2 .JNZ RST4
F25E C366F0 JP START

145



3 SCRATCHPAD TEMPLATE

F261 DI EXITs POP D
F262 GL pop 8
F263 Fl POP PSV
F264 El POP H
F265 F9 SPlL
F266 FS Ex
F267 210000 LXI 1,
F268 HLX sou s-2
F26A C3909 im~p a
F268 PCX EQU S-2
F26D 00 TlAs Di! a $TRAP I AODR
F26F 09 Di3 0 i T AP I INST
F270 0900m 0 jTA?2ADOF
F272 08 Wi3 19 JTA 2 IVT.
F273 0000 D4 9 .Z~ PN7F~
F275 08 DB 0 s~~ ~L
F276 00 D z 0

ENDX i
h8a05 ALOC EQU 5
0003 BLOC EQU 3
0002 CLOC EQU 2

OOOL DLOC EQU I
000ELOC SQU 0

0004 FLOC EQU 4
0010 HLOC EQLJ HLX-EXIT+9

OOOF LLOC EQU HLX-EXIT.8
0013 PLOC EQU. PCX-EXlT.7
0007 SLOC EQU 7
0014 TLOC EQU TIA-EXIT+8

3 COMM1AND IMPLEMENTATON~

j ASSIGN COIIAD

F277 CD2FFl ASSIGN: CALL TI
F27A 0600 mvi B,0O
F27C FE43 CP1 O
F27E CA93F2 .Jz AS;
F28L 04a INR B
F282 FES2 CPI O
F284 CA93F2 iZ AS;
F287 04 INR B
F288 FE5O CPI s
F28A CA93F2 iz AS;
F28D 904 INR B
F28E FE4C CPI IL
F290 C2BEF2 JNZ EREXT
F293 CD2FFl ASIs CALL TI
F296 FE3D CPI90F296 C293F2 JNZ AS,
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F29B CD2FF CALL. TI
F29E D630 Sul got
F2AO 6F Mov .P
F2A1 FABEF2 iK EREXT
F2A4 FE04 CP1 4
F2A6 F2BEF2 lIP EREXT
F2A9 2603 mv! X&3
F2AB 05 AS2s DCR 13
F2AC FABAF2 4K AS3
F2AP 29 DAD H
F2BZ 29 DAD x
F2SI C3ABF2 imp AS2
F284 EB AS3t XCHG
F2B5 CD36F6 CALL ADIOS
F2B8 7E Kov ApM
F2B9 32 ORA D
F2BA AA XRA D
F2BB B3 ORA E
F2BC 77 MOV I4,A
F2BD C9 RET
F2BE 37 EREXTe STC
F2BF C9 RET

3 BINARY COMIMAN~D

F2CS CD52Fl BZNs CALL EXPR
F2C3 CD46FI CALL CRLF
F2C6 DI POP D
F2C7 El POP H
F2C8 7A BIN03 NOV A. D
F2C9 B3 ORA E
F2CA C2D7FQ JNZ Be
F20D CDAAFI CALL LEADS
MeD OE78 MV! C. 78H
F2D2 CDIIF3 CALL PHL
F2D5 B7 ORA A
F2D6 C9 RET
F2D7 !B Be: MOV A*E
F2D8 95 SUB L
F2D9 7A NOV APD
F2DA 9C 583 m
F2DB DS RC
F2DC ?B 31, NOV A*E
F2DD 95 SUB L
F2DE 4F NOV C,A
F2DF 7A NOV AD
M2e 9C SBB K

F2E1 3F CmC
F2E2 Dd RNC
F2E3 OC INR C
F2E4 C2E9F2 JNZ B2
F2E7 0EFF Nvi C.,0FFH
F2E9 D5 B2: PUSHI D
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F2EA 59 mOv EC
F2EB CDA4FI •  

CALL LEADS
F2EE 0E3C NVI C.3CH
F2F0 CDESF0 CALL P0
F2F3 AB MOV C*E
F2F4 CDIIF3 CALL PHL
r2F7 ?C HOV A.H
F2F8 SS ADD L'
F2F9 57 143V D.A
F2FA AE B31 mOV G.M
F2FS 23 INX H
F2FC 7A moV A#D
F2FD 81 ADD C
F2FE 57 roV DvA
F2FF CDE5FO CALL Pa
F302 ID DCR E
F303 C2FAF2 iN 8 3
F306 4A 0OV CD
F307 CDE5F0 CAU. PO
F30A DI Pop D
F30B 7D NoV AL
F300 B4 ORA H
F30D C8 RZ
F30E C3DCF2 JmF Bi
F311 CDESFO PHLs CALL P0
F314 4D MOV CaL
F315 CDE5FO CALL P0
F318 4C MoV C.
F319 C3E5FO l' p PO

3 DISPLAY COMAJMD

F31C CD52FL DISPI GALL EXPR
F31F DI POP D
F320 El POP H
F321 CD46FI DIOS CALL CRLF
F324 CD90FI CALL LADR
F327 CDCFF0 Diz1 CALL BLK
F32A 7E MoV AoM
F32B CD95FI CALL LBYTZ
F32E CD86FI CALL HILO
F331 3F CvC
F332 DO RNC
F333 7D NOv AL
F334 E60F ANI BF!
F336 C227F3 JNZ DII
F339 C321F3 iMP DIO

S FILL COMMAND

F33C OC FILLS INR C
F33D CD52F! CALL EXPR
F340 Cl POP a
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F341 DI POP D
F342 El POP H
F343 71 FIOS NOV H.cF344 CD86FI CALL HILO
F347 D243F3 JNC FISF34A B7 ORA A
F34B C9 RET

i GOTO COMMAND

F34C El GOTO: POP H
F34D CDE2FI CALL PCHK
F350 DA98F3- iC G03
F353 CA72F3 Jz GOO
F356 CD7EFI CALL EXF
F359 DI POP D
F35A 211300 LXI HPLOC
F350 39 DAD SP
F35E 72 NOV MODF35F 2S DCX H
F360 73 MOV MOE
F361 78 MOV AIE
F362 FEOD CPI CR
F364 CA98F3 JZ G03F367 3EC3 NVI Ao(JMP 0)
F369 320800 STA 8F36C 21FIFi LXI HRESTRT
F36P 220900 SHLD 9
F372 1602 GOOt HVi D02
F374 211400 LXI H&TLOC
F377 39 DAD SPF378 E5 GOI: PUSH H
F379 CD50FI CALL EXPRI
F37C 58 NOV EoB
F37D Cl POP B
F37E El POP H
F37F 78 NOV AvBF380 El ORA C
F381 CA8EF3 Jz G02
F384 71 NOV MC
F385 23 INX H
F386 70 MOV MOB
F387 23 INX H
F388 OA LDAX B
F389 77 NOV M*A
F38A 23 INX HF38a 3ZCF NVI A*(RST 1)F38D 02 STAX B
F38E 78 002: NOV AE
F38F FEOD CPI CRF391 CA98F3 JZ G03
F394 15 DCR D
F395 C278F3 JNZ GOI
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F398 CD46FI G03s CALL CRLF
F39a 218808 LXL HP0008H
F39£ 39 DAD SP
F39F E9 PCH.

j HEXADECIMAL COMMAND

F3AO CD52FI HE)O~: CALL EXPR
F3A3 DI POP D
F3A4 El POP H
F3A5 CD46FI CALL CRLF
F3AB E5 PUSH H
F3A9 19 DAD D
F3AA CD98PF1 CALL LADR
F3AO CDCFFO CALL BLK
F3BO El* POP H
7381 7D NOV A,#L
F332 93 SUB E
F393 6F NOV L,A
F3B4 7C NOV AoH
7385 9A 588 D
F386 67 NOV H*A
73B7 CD90FI CALL LADR
F3BA 87 GRA A
7338 C9 RE?

3 COPY COMMAND

F35C CDEOF3 ICOPY: CALL RI
F3BF 4F NOV C.A
7308 CDE5FO CALL PO
73C3 038073 imp KOPY

3 LOAD COMMAND

F306 CD5OFI LOAD: CALL EXPRI
F3C9 Cl PO
F3CA CDEOFO LI: CALL RI
F3CD DS AiC
730£ FE3C OP1 3CH
F3D3 CADFF3 Jz L2
F3D3 FE78 CPI 78H
F3D5 C2CAF3 J~NZ LI
F3DB CD0IF4 CALL LHL
F3DB DS RC
F3DC B5 ORA L
F3DD 08 RZ
F3DE S9 PCHL
F3DF CDEOFO L2: CALL RI
F3E2 DS RC
F3E3 5F NOV E,A
F3E4 CDOIF4 CALL LHL
F3E? DS8R
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F3E8 85 ADD LF3E9 57 mOV DsA
F3EA 09 DAD aF3E3 ODEOFO L33 CALL RX
F3EZ D8 RC
F3EF 77 MOV MPA
F3F0 82 ADD DF3FI 57 MoV DPA
F3F2 23 INX H
F3F3 ID DCR EF3F4 C2EBF3 JwZ L3F3F7 CDEOF0 CALL RI
F3FA DS RC
F3FB BA CM-IP DF3FC CACAF3 JZ LI
F3FF 37' STC
F403 C9 RET
F401 CDEOFO LHL: CALL RlF404 D8 RC
F405 6F NOV LPA
F406 CDEOFO CALL RI
F409 D8 RC
F40A 67 MOV HPA
F40B C9 RET

MOVE COMMAND

F40C 0C MOVES INR C
F40D CD52FI CALL EXPRF410 Cl POP B
F411 DI POP D
F412 El POP HF413 7E Vas mOV AM
F414 02 STAX B
FAI5 03 INX BF416 CD86F! CALL HILO
F419 D213F4 JNC MV0F4IC 87 ORA A
F41D C9 RET

$ NULL COMMAND

F41E 063C NULLS MVi B.60
F420 C3A6Fr JMP LEAD

I READ COMMAND

F423 CD5pF'I READS CALL EXPRI
F426 El POP HF427 CDEOFO REDO: CALL RI
F42A D8 RCF42B E67F ANI 7FHF420 D63A SUI
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F42F C227F4 JNI REDO
F432 57 M3V DoA
F433 E5 PUSH H
F434 CD65F4 CALL BYTE
F437 CA59F4 JZ RED2
F43A 5F mOV E*A
F43B CD6SF4 CALL BYTE
F43E 47 NOV B*A
F43F CD65FA CALL BYTE
F442 4F NOV C*A
F443 09 DAD B
F444 CD65F4 CALL BYTE
F447 CD65F4. RED!I CALL BYTE
F44A 77 NOV M&A
F44B 23 INX H
F44C ID DCR E
F44D C247F4 JNZ REDI
F450 CD65F4 CALL BYTE
F453 El POP H
F454 CA27F JZ REDO
F457 37 STC
F458 C9 RET
F459 CD65F4 RED2: CALL BYTE
F45C 67 NOV H.,A
F45D CD65F4 CALL BYTE
F460 Cl POP B
F461 6F MOV LoA
F462 B4 ORA H
F463 C8 RZ
F464 E9 PCHL
F465 CD76F4 BYTE# CALL RNBBL
F468 07 RLC
F469 07 RLC
F46A 07 RLC
F463 07 RLC
F46C 4F NOV C*A
F46D CD76F4 CALL RNBBL
F470 SI ORA C
F471 4F NOv CpA
F472 82 ADD D
F473 57 MOV D*A
F474 79 MOV AC
F475 C9 RET
F476 CDEOFO RNBBL: CALL RI
F479 DA85F4 JC RNBER
F47C E67F ANI 7FH
F47t CDDZFI CALL NIBBL
F481 DA85F4 JC RNBER
F484 C9 RET
F485 El RNBER: POP H
F486 El POP H
F487 El POP H
F488 09 RET
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3 SUBSTITUTE COMMAND

F489 CD50FI SUBS$ CALL EXPRI
F48C CDE5F1 CALL P2C
F48F El POP H
F490 DS RC
F491 7E SUO: NOV A*M
F492 CD95FI CALL LBYTE
F495 OE2D Nv! Coo-*
F497 CDDIFO CALL CO
F49A CDE2FI CALL PCHK
F49D 3F CI4C
F49E DO RNC
F49F CAADF4 iZ Sul
F4A2 E5 PUSH H
F4A3 CD7EF1 CALL EXF
F4A6 DI POP D
F4A7 El POP H
F4A8 73 NOV M1,E
F4A9 78 Nov A,-B
F4AA FEOD CPI CR
F4AC CS RZ
F4Ai 23 SUl: INX H
F4AZ C391F4a imp sue

3 WRITE COM14AND

74B1 CD52FI WRITE: CALL EXPR
F4B4a CD4a6FI CALL CRLF
7437 DL POP D
F4B8 El POP H
7489 7A WRITO: NOV AvD
F4BA B3 ORA E
Ff4B8 C2DBF4 JNZ we
F4BE CD33F5 CALL PEOL
F4C1 OE3A MIV! Coos'
7403 CDE5FO CALL PO
F4C6 AF XRA A
F4C7 57 NOV DvA
F4C8 CDLCF5 CALL PBYTE
F4&CB CD17F5 CALL PADR
F4CE 3E01 flu! A,1
F400 CDlCF5 CALL PBYTE
F4D3 AF XRA A
F404 92 SUB 0
7405 CDICFS CALL PBYTE
FLIDB C3lEF4 ~ imp NULL
F4DB 78B WOI NOV A,E
74DC0 95 SUB L
F4D0 7A NOV APD
F4DE 9C SBS H
7407. D8 RC
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F 4L cTh7 WRI 0 MOV Aa EF4Z1 95 SUB L.
F4E2 4F flov GsA
F4E3 7A 1401 A*D
FAEA 9C $38 x
F4ES 3F C14C
F4E6 08 RNC
Fd4E7 79 140V A*C
F4E8 E60F ANI oPM
F4&A 3c XNR AF4EB DS PUSH D
F4EC 5F Nov ELA
F4ED 1600 Hvi D,*0
F4EF CD33FS CALL PEOL74F2 6Z3A MVI Coll,
F4F4 CDE5FO CALL PO
'F4F7 7B NOV A*E
F4F8 CD1CF5 CALL PBYTE
F4F8 CD17F5 CALL PADR
F4FE AF XRA A
F4FF CDICF5 CALL PBYTE
F5032 7E WRI3s NOV A.PM
F503 23 XNX H
F504 CDICF5 CALL PBYTE
F507 ID DCR E
F508 C02F5 .JNZ WR13
F50a AF XRA A
F50C 92 SUB D
F50D CDICF5 CALL PBYTE
7510 DI POP D
F511 7D NOV A.L
F512 B4& ORA H
P513 C8 R
F514 C3EOF4 imp WR1O
F517 7C PADRt NOV A*H
P518 CDICF5 CALL PBYTE
F51B ?D NOV A,-L
F51C F5 PBYTE: PUSH Psw
F5LD OF RRC
F'51E OF RRC
F51F OF RRFC
F520 OF RRC
F521 CD3CFL CALL CONy
F524a CDESFO CALL PO
F527 Fl POP PSWF528 F5 PUSH PSW
F529 CD3CFI CALL CONV
F52C CDE5FO CALL PO
F52F Fl POP PSWF530 82 ADD D
F531 57 NOV D,.AF532 09 RET
F533 OEOD PEOLs riVI C,-CR
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F535 CDESFO CALL P0
F538 0EZA MVI C.LF
F53A C3ESFO Jmp PH

j REGISTER COMMAND

F53D CD2FFl Xi CALL TI
F540 21CCF5 LXI H,ACTBL
F543 FEOD CPI CR
F545 CA9FF5 JZ X6
F548 47 MOV B*A
F549 BE XO: CMP M
F54A CA57F5* •JZ Xi
F54D 7E MOV AM
F54E 17 RAL
F54F D8 RC
F550 23 INX H
F551 23 INX H
F552 23' INX H
F553 78 MOv A,B
F554 C349F5 JMP X0
F557 CDCFFO Xl: CALL BLK
F55A 23 X2: INX H
F55B 7E MOV AaM
F55C EB XCHG
F55D 6F MOV L*A
F55E 2600 MVI H,,
F560 39 DAD SP
F561 EB XCHG
F562 23 INX H
F563 46 MoV B&M
F564 23 INX H
F565 IA LDAX D
F566 CD95FI CALL LBYTE
F569 05 DCR B
F56A CA72F5 JZ X3
F56D IB DCX D
F56E IA LDAX D
F56F CD95FI CALL LBYTE
F572 04 X34 INR B
F573 0E2D MVI C,'-'
F575 CDDIFO CALL CO
F578 CDE2F1 CALl. PCHK
F57B 3F GMC
F57C DO RNC
F57D CA95F5 iz X5
F580 E5 PUSH H
F581 C5 PUSH B
F582 CD7EFi CALL EXF
F585 Ll POP H
F586 Fl POP PSW
F587 CS PUSH B
F588 F5 PUSH PSW
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F589 7D NOV A.,L
F58A 12 STAX D
F58a CI POP 13
F58C 05 OCR B,
F580 CA93F5 4
F590 13 INX D
F591 7C t'oV A*H
F592 12 STAX D
F593 Cl Xs POP B
iFS94 El pip H
F595 7E X51 NOV A.PM
F596 S37 ORA A
F597 F8 RM
F598 78 NOV A*B
F599 FZOD CP1 CR
F59B CS RZ
F59C C35AF5 iJmp X2
F59F CD46FI X61 CALL CRLF
F5A2 CDCFFO X7: CALL BLK
F5AS 7Z NOV A.PM
F5A6 23 INX H
F5A7 B7 ORA A
F5A8 F8 RM
F5A9 4F NOV C,*A
F5AA CODIF3 CALL CO
F5AD OE3D mv! ,~
F5AF CDD1Fia CALL CO
F5132 7E NOV A.t4
F583 23 XNX H
F5B4 EaB XCHG
F5B5 6F NOV L.OA
F5B6 2600 Mvi Hog
F538 39 DAD SP
F589 EB XCHG
F58A 46 NOV Bo
F53B 23 INX Hi
F5BC 1A LDAX D
F513D CD95FL CALL LBYTE
F5CJ 05 OCR B
F5CI CAA2F5 JZ X7
F5C4 IS DCX D
FSC5 JA LDAX D
F506 CD95FI CALL LBYTE
F5C9 C3A2F5 iJmp X7
F5CC 4 107031 ACTBLs DB 'A', ALOC+2, I
F5CF 420501 DB 'B'. BLOC.2i IFSD2 430401 DB Oct, CLOC+2, I
F5D,5 440301 DB ID', DLOC+2, IF5D8 450201 DB OEI, ELOC+2, I
F50a 460601 'B F's FLOC+2,I
F5DE 481201 DB 'H', HLOC.2, 1
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T5EL 4CLieI DS #Lo LLOC*2& I
F5E4~ 4D1202 Do @Me* HLOC+2, 2
F5E7 501502 Da'pto PLOC+* 2
F5EA 530902 Da IS** SLOC+2* 2
?SED FF Da -

@age END
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SYSTEM CONFIGURATION PACKAGE

ORG OF600H

i LOGICAL DEVICE/DEVICE DRIVER TABLES
3

3 EACH 4 ENTRY TABLE LISTS THE ADDRESSES
3 OF THE DRIVER ROUTINES TO BE USED FOR
3 THE PHYSICAL DEVICES WHICH MAY ASSIGNED
3 TO THAT LOGICAL DEVICE.

IO TAB:

3 CONSOLE STATUS

3 RETURN, WITH REGISTER A a 0 IF NO
i CONSOLE CHARACTER AVAILABLE.

Fbo, AJF6 CSTAB: DW TTST 10
F6,2 7FF6 DV KYST 31
F604 7FF6 Dw KYST 32
F6J6 7FF6 DW KYST J3

3 CONSOLE INPUT

I RETURN CONSOLE INPUT CHARACTER

IN REGISTER A.

F608 A6F6 CITABt D7 TTI ;a
F6ZA 65F6 DW KYBD ;1
F60C 66F6 DW NYBD 32
F60E 66F6 Dw KYBD ;3

3 CONSOLE OUTPUT

3 OUTPUT BYTE IN REGISTER C
3 TO CONSOLE OUTPUT DEVICE.

F61J a7F6 COTABI DW TTO 30
F612 B7F6 DW TTO ;I
F614 D4F6 DW THRM 32
F616 59F6 DW CRT J3

READER INPUT

3 RETURN READER INPUT BYTE IN
3 REGISTER A, CARRY OFF. SET
I CARRY IF NO BYTE AVAILASLE.
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F618 C2F6 RITAB: DW TTR 38
F61A 87F6 DW RDR it
F61C 66F6 DW KYBD J2
F61E FOB8 D O8B8F0H 33 DISK READ

PUNCH OUTPUT

3 OUTPUT BYTE IN REGISTER C
3 TO PUNCH DEVICE@

F620 7F6 POTABS DW TTO is
F622 DFF6 DW PUNCH )1
F624 59F6 DW CRT J2
F626 73B9 DW OB973H 33 DISK WRITE

3 LISTING OUTPUT

3 OUTPUT BYTE IN REGISTER C
3 TO LISTING DEVICE.

F628 B7F6 LOTAB: DW TTO )a
F62A 59F6 DW CRT ;1
F62C .D4F6 DW THRM ;2
F62E B7F6 DW TTO j3

3 SPECIAL SUBROUTINE TO LOCATE MONITOR
3 SCRATCH RAM

3 THE ADDRESS OF THE TOP OF THE SCRATCH
3 RAM AREA USED BY THE MONITOR IS RETURNED
3 IN REGISTERS D*E.
;NOTE: THIS SUBROUTINE IS NOT CALLED IN THE
3 USUAL WAY: INSTEAD, THE RETURN ADDRESS
3 IS PLACED IN REGISTERS D,E AND THE
3 SUBROUTINE IS ENTERED BY A JUMP INSTRUCTIC
3 RETURN IS DONE BY PLACING THE RETURN
3 ADDRESS IN HL AND EXECUTING A PCHL INST.

F630 C33DF6 ADSCS: JMP ADS2
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F633 C34FF6 ADSCR: JMP ADSI

SUBROUTINE TO SET ADDRESS
I OF IOBYT

i THE ADDRESS OF THE BYTE USED TO
S RECORD THE CURRENT PHYSICAL/LOGICAL
i DEVICE ASSIGNMENTS IS RETURNED IN
i REGISTERS HpL.

F6J6 C34FF6 ADIOS: J MP ADSI

ISUBROUTINE TO SET THE USER STACK
j ADDRESS-

$ THE ADDRESS TO BE USED AS ThE
S DEFAULT VALUE OF TEE USER STACK

ADDRESS IS RETURNED IN REGISTERS H*Lo

F639 218000 ADUSTs LXI H. SOH
F63C C9 RET

F63D 2laJ3 ADS2s LXI Hoo
F64 24 ADS3: INR H

F641 7E mOV A&M
F642 2F CHA
F643 F3 Di
F644 77 NOV MA
F65 BE CMP M
F646 2F C HA
F647 FB El
F648 77 NOV M*A
F649 Ct4ZF6 JZ ADS3
F64C 2B Dcx H,
F64D EB XCHG

F64E E9 PCHL

F64F D5 ADSI: PUSH D
F65 12FFOO LXI H,OFFH

F653 000000 MOP

F656 00 MOP

r657 DI POP D
F658 C9 RET

PHYSICAL DEVICE DRIVER ROUTINES

S REQUIREMENTS
i MAINTAIN CONTENTS OF ALL
I REGISTERS EXCEPT A AND F.
I EXIT BY RETURN INST.
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S VIDEO DRIVER

F65J 79 CRTs mOV ACF65A B7 ORA 'A JCHECK FOR NULL
F658 C8 RZ
F65C ES PUSH HF65D CD36F6 CALL ADIOB
F660 2B DCX H
F661 28 DCX H
F662 2S DCX H
F663 C304F7 JMP OF704H

3 KEYBOARD DRIVER

F666 D802 IYBD: IN 2
F668 E601 ANI I
F66A C266F6 JNZ KYOD
F66D D303 IN 3
F66F E67F ANI 7HF671 FE61 GPI 61H ;LOWER CASE A
F673 DA7DF6 JC YBF676 FE73 GPI CAHP! ;LOWER CASE Z +1F678 D27DF6 JNC XB1F67d E6DF ANI ODFH IDELET ONE BITF67D B7 KBI O 0RA A
F67E C9 RET

I KEYBOARD STATUS DRIVER

F67F DS02 KYSTS IN 2
F681 E601 ANI IF683 D6al SuI I
F685 9F SBB A
F686 C9 RET

S READER DRIVER

F687 E5 RDR: PUSH H
F688 210ooo LXI H10
F683 DB4 RD: IN 4
F68D E601 ANI IF68F CA93F6 JZ RD2
F692 2B DCX H
F693 7C MOV ArH
F694 B5 ORA L
F695 C28aF6 JNZ RD
F698 37 STC
F699 El POP H
F69A C9 RET
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F69d3 D835 RD2# IN 5
F69D a7 ORA A
F69E El POP H.
F69F C9 RET

3 TELETYPE STATUS DRIVER

F6AO DBJ3 TTSTs IN 3
F6A2 E602 ANI 2
F6A4 D602 Sul 2
F6A6 9F SBB A
F6A7 C9 RET

3 TELETYPE INPUT DRIVER

F6A8 AF TTI: XRA A
F6A9 D300 OUT a
F6AB DB03 TTI1# IN 3
F6AD E602 ANI 2
F6AF CAABFS i TTZI
F682 Dk302 IN 2
F6B4 £67F ANI 7FH
F6B6 C9 RET

3 TELETYPE OUTPUT DRIVER

F6B7 Dd03 TTOt IN 3
F6i39 E601 ANI 1
F6B83 CAI7FG 

*z TTO
F6aE 79 HOV Av C
F63F D302 OUT 2
F6CI C9 RET

3 TELETYPE E-VADER DRIVER

F6C2 3EJI TTRs : Aol
F6C4 D300 OUT a
FG06 33 tlVI A,0O
F6C8 D30J OUT 0
F6CA DdOO TTRIs IN a
F6CC E601 ANI I
F6CE C2CAF6 .JNZ TTHI
F6DI DB0L IN I
F6D3 09 RET
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3THERMAL PRINTER DRIVER

F6D4 D8i02 THRl: IN 2
F6D6 E680 ANI 8H
F6D8 C2D4F6 JNZ THRI
F6DS 79 NOV A.C
F6DC D3J3 OUT 3
F6DE C9 RET

PUNCH DRIVER

F6DF D304 PUNCH: IN 4
F6EI E680 ANI 80H
F6E3 C2DFF6 JNZ PUNCH
F6E6 79 NOV APC
F6E7 0305 OUT 5
F6E9 C9 RET
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CP/M ASSEMBLER - VER 1.0

F800 ORG OF8OOH
F8O0 2109F8 ENTRY: LXI H,MESS
F803 CDIEFO CALL STRING
F806 C321F0 JMP RENT
FOIE : STRING: EQU OFOIEH

F809 ODOA20202OMESS: DS ODH,OAH,' HELLO 11 YOU HAVE ENTERED THE
F830 OAOD574F52 08 OAHODH,'WORLD OF DIAGNOSTICS. THIS LIST WILL ACQUAINT'
F860 ODOA594F55 DB ODH,OAH,'YOU WITH SOME OF THE COMMANDS OF THE DIAGNOSTIC'
F891 0DOAF15045 DB DDH,OAH,'OPERATING SYSTEM. MANY OF THE FUNCTIONS ARE VERY'
FSC4 ODOA53494D DB ODH,OAH,'SIMILAR TO CPM/DDT.'
FPD9 ODOA434F4D DB ODH,OAH,'COMMAND FUNCTION'
F8FC ODA DB ODH,OAH
F8FE ODOA202020 DB ODH,OAH,' A ASSIGNS I/O DEVICES c PHYSICAL'
F92E ODOA202020 DB ODH,OAH,' TO LOGICAL DEVICE )'
F956 ODOA DB ODH,OAH
F958 ODOA202020 DB ODH,OAH,' B DUMP MEMORY IN BINARY ON PUNCH DEVICE'
F98F ODOA DB ODH,OAH
F991 ODOA202020 D ODH,OAH,' C HEXADECIMAL ARITHMETIC'
F989 CDOA DB ODH,OAH
F9BB ODOA202020 DB ODH,OAH,' D DISPLAY A BLOCK OF MEMORY'
F9E6 ODOA Da ODH,OAH
F9E8 ODOA202020 DB ODH,OAH,' F FILLS A BLOCK OF MEMORY WITH A CONSTANT'
FA21 ODOA DB ODH,OAH
FA23 ODOA202020 DB ODH,OAH,' G GO TO ADDRESS AND EXECUTE, OPTIONAL'
FA58 ODOA202020 DB ODH,OAH,' BREAK POINTS.'
FA7A OAOD DB OAH,ODH
FAC 0OOA202020 DB ODH,OAH,' H HELP, THIS PROGRAM'
FAAO ODOA DB ODH,OAH
FAA2 0DOA202020 DB ODH,OAH,' K COPY FROM READER TO PUNCH'
FACD ODOA DB ODHOAH
FACF ODOA202020 0B ODHOAH, L LOAD BINARY TAPE, OPTIONAL BIAS'
P8OO ODA D ODHOAH
FB02 ODOA202020 DB ODHOAH,' M MOVE A BLOCK OF MEMORY TO ANOTHER LOC'
FB39 ODOA DB ODHOAH
FB3B ODOA202020 DB ODHOAH,' N OUTPUTS 60 NULLS TO PUNCH DEVICE'
FB6D ODOA DB ODHOAH
F96F ODOA202020 D ODH,OAH,' R LOAD A HEX TAPE FROM READER DEVICE'
FBA3 ODOA DB ODH,OAH
FBA5 0DOA202020 DB ODH,OAH,' S DISPLAY AND CHANGE ANY MEM LOC'
FBD5 0DOA DB ODH,OAH
FBD7 ODOA202020 DB ODH,OAH. T TEST LIST AND EXECUTION PROGRAM'
FCO8 ODOA DB ODH,OAH
FCOA ODOA202020 DB ODH,OAH,' W DUMP MEMORY IN HEX ON PUNCH DEVICE'
FC3E ODOA D8 ODH,OAH
FC4O ODOA202020 DB ODH,OAH,' X CPU REGISTER DISPLAY AND CHANGE',O
F021 RENT: EQU OF021H

FDO0 ORG OFDOOH

FDOO 0BFF ENTRYl: IN OFFH
FD02 EI ANI 01H
FD04 C213FD JNZ FART
FD07 219AFD ENTRY2: LXI H,MESS2
FDOA CDIEFO CALL STRING ;PRINT LIST OF TESTS
FOOD 2153FD ENTRY3: LXI H,MESS3
FDO CDlEFO CALL STRING ;PROMT FOR INPUT
FD13 CD2FFI FART: CALL TI
FD16 FEO3 CPI 03H ;TEST IF CONTROL C
FD18 CA21FO JZ RENT
FD1B FE4O CPI 4OH
FDID DA2EFD JC NUN ;NUMBER
FD20 FE5O CPI 50H
FD22 DA3EFD JC LETTER
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FD25 214DFD ERROR: LXI H.MESS4
FD29 CDIEFO CALL STRING ;PRINT ERROR >?
FD2B C30DFD JMP ENTRY3 ;REPROMT

F02E FE3O MUM: CP1 30H ;SEE IF NUMBER
FD3O DA25FO JC ERROR ;JUMP IF NO
FD33 FE3A CP1 3AH
FD35 E60F ANI OFH ;REMOVE LEAD NIBBLE
FD37 87 ADD A ;DOUBLE FOR TABLE LOOK UP
FD38 21DDFE LXI H,NUMTAB ;NUMBER TABLE
FD38 C F34F JMP COMMON

FD3E E60F LETTER: ANI OFH
FD40O 87 ADD A ;DOUBLE FOR TABLE
FD41 21FIFE LXI H,LETTAB ;LETTER TABLE
FD44 1600 COMMON: MVI D,O
FD46 5F MOV E,A
F047 19 DAD D ;ADD OFFSET TO TABLE ADDRESS
FD48 7E MOV A,M
F049 23 INX H
FDMA 66 MOY H,M
FD4B 6F MOV L.A
FD4C E9 PCHL ;JUMP TO TEST PROGRAM

FDD ODOA203F2OMESS4: DB ODH,OAH,' ? ',0
F:53 ODOA454E54MESS3 0B ODE,OAH,'ENTER TEST ID NO. TO RUN TESr'
FD73 ODOAU54E54 DB ODH,OAH,'ENTER CONTROL C TO RETURN TO MONITOR',O
FD9A ODOA)A2O54MESS2: D ODH,OAH,OAH,' TESTS AVAILABLE'
FDAD ODOA202031 Da ODH,OAH,' I - COMPREHENSIVE MEMORY TEST'
FDCF ODOA202032 Ds ODH,OAH,' 2 - MINI-MEMORY 0 - .IK'
FDEC ODOA202033 D8 ODH,OAH,' 3 - MINI-MEMORY 0 - 8K'
FEO9 0DOA202034 DB OOH,OAH,' 4 - MINI-MEMORY 0 - 24K'
FE26 ODOA202035 DB ODH,OAH,' 5 - FORMATTED DISK TEST'
FE42 0DOA202036 DB OD,OAH,' 6 - DISK TRACK RFAD'
FE5A ODDA202037 0B ODH,OAH,' 7 - DISK TRACK WRITE'
FE73 ODA202038 D8 ODH,OAH,' 8 - UNIBUS PORT TEST'
FEBC ODOA202039 Da ODH,OAH,' 9 - UNIBUS COMMUNICATION TEST'
FEAE ODOA202041 Da ODH,OAH,' A - UNIBUS SNAPSHOT'
FEC6 ODOA202042 08 ODHOAH,' B - DISPLAY TESTS',O

;ADD MORE TO DIRECTORY HERE

F12F TI: EOU OF12FH

FEDD 25FD NUMTAB: DW ERROR
FEDF OOCO DW OCO00K ;MEMORY TEST
FEEI 90C2 DW 0C290H ;MINI .1K
FEE3 OD6 DW 00600H ;MINI 8K
FEE5 00D7 DW 00700H ;MINI 24K
FEE7 00C8 DW OC800 ;FOMAT DSK
FEE9 4OCE DW OCE4OH ;TRK RD
FEEB 8OCD oW OCDBH ;TRK WRT
FEED OODO oW ODOOOH ;UB PORT
FEEF OOD1 DW 00100 ;UB COMM
FEF1 25F0 LETTAB: DW ERROR
FEF3 0005 DW OD500H ;SNAPSHOT
FEF5 OOED DW OEOOOH ;DISPLAY
FEF7 25FD DW ERROR
FEF9 25F, DW ERROR
FEFB 25F0 DW ERROR
FEFD 25FD DW ERROR
FEFF 25FD DW ERROR
FF01 25FD DW ERROR
FF03 25FD DW ERROR
FF05 25FD DW ERROR
FF07
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